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Figure 10. Oligonucleotide Primers for QuikChange Mutagenesis 
V93E#1 

5'-gAACATCCCCAAgATgAACCCACTATTAgAgAAAAAg-3' (SEQ ID NO: 6) 
V93E#2 

5'-CTTTTTCTCTAATAgTgggTTCATCTTggggATgTtC-3' (SEQ ID NO: 7) 
V93R#1 

5'-gAACATCCCCAAgATAgACCCACTATTAgAgAAAAAg-3' (SEQ ID NO: 8) 
V93R#2 

5'-CTTTTTCTCTAATAgTgggT.CTATCTTggggATgTTC-3' (SEQ ID NO: 9) 
V93N#1 

5'-gAACATCCCCAAgATAACCCCACTATTAgAgAAAAAg-3' (SEQ ID NO: 10) 
V93N#2 

5'-CTTTTTCTCTAATAgTggggTTATCTTggggATgTTC-3' (SEQ ID NO: 1 1) 
V93H#1 

5'-gAACATCCCCAAgATCACCCCACTATTAgAgAAAAAg-3' (SEQ ID NO: 12) 
V93H#2 

5'-CTTTTTCTCTAATAgTggggTgATCTTggggATgTTC-3' (SEQ ID NO: 13) 
V93X (for saturation mutagenesis; obtained V93G and V93L mutants from library) 

5'-(Phosphate)gAACATCCCCAAgAlliJNKCCCACTATTAgAgAAAAAg-3* (SEQ ID NO: 14) 
V93K#1 
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5'-gAACATCCCCAAgATAAACCCACTATTAgAg-3' (SEQ ID NO: 15) 
V93K#2 



5'-CTCTAATAgTgggTTTATCTTggggATgTTC-3' (SEQ ID NO: 16) 

QCM#1 5'-(Phosphate)gAACATCCCCAAgATgCACCCACTATTAgAgAAAAAg-(SEQ ID N 
17)' f 

Alanine 

QCM#2 5'-(Phosphate)gAACATCCCCAAgATgACCCCACTATTAgAgAAAAAg-3'(SEQ ID 
NO: 18) 

Aspartic Acid 

QCM#3 5'-(Phosphate)gAACATCCCCAAgATTgCCCCCACTATTAgAgAAAAAg-3' (SEQ I 
NO: 19) 

Cysteine 



QCM#4 5'- 

(Phosphate)gAACATCCCCAAgATATACCCACTATTAgAgAAAAAg-3' (SEQ ID NO: 20) 
Isoleucine 

QCM#5 5'-(Phosphate)gAACATCCCCAAgATATgCCCACTATTAgAgAAAAAg-3' (SEQ ID 
NO: 21) 

Methionine 

QCM#6 5'-(Phosphate)gAACATCCCCAAgATTTCCCCACTATTAgAgAAAAAg-3' (SEQ ID 
NO: 22) 



Phenylalanine 
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QCM#7 5'-(Phosphate)gAACATCCCCAAgATCCTCCCACTATTAgAgAAAAAg-3' (SEQ ID 
NO: 23) 

Proline 



QCM#8 5'-(Phosphate)gAACATCCCCAAgATAgCCCCACTATTAgAgAAAAAg-3' 
(SEQ ID NO: 23) 

Serine 



QCM#9 5'-(Phosphate)gAACATCCCCAAgATACACCCACTATTAgAgAAAAAg- 3' 
(SEQ ID NO: 24) 

Threonine 

QCM#10 5'-(Phosphate)gAACATCCCCAAgATTACCCCACTATTAgAgAAAAAg-3' 
(SEQ ID NO: 25) 

Tyrosine 

QCM#11 5'-(Phosphate)gAACATCCCCAAgATTggCCCACTATTAgAgAAAAAg-3* 

(SEQ ID NO: 26) 
Tryptophan 
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FIGURE 13 A 

PFU DNA POIfYMERASE 

V93R MUTANT: XXX = A6A, A66, C6A, C6C, C66, CGT (ALL POSSIBLE CODONS 
FOR ARGININE) 

V93E MUTANT: XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATTTTAG ATGTGGATTA CATAACTGAA GAAGGAAAAC CTGTTATTAG GCTATTCAAA 60 
AAAGAGAACG GAAAATTTAA GATAGAGCAT GATAGAACTT TTAGACCATA CATTTACGCT 120 
CTTCTCAGGG ATGATTCAAA GATTGAAGAA GTTAAGAAAA TAACGGGGGA AAGGCATGGA 180 
AAGATTGTGA GAATTGTTGA TGTAGAGAAG GTTGAGAAAA AGTTTCTCGG CAAGCCTATT 240 
ACCGTGTGGA AACTTTATTT GGAACATCCC CAAGATXXXC CCACTATTAG AGAAAAAGTT 300 
AGAGAACATC CAGCAGTTGT GGACATCTTC GAATACGATA TTCCATTTGC AAAGAGATAC 3 60 
CTCATCGACA AAGGCCTAAT ACCAATGGAG GGGGAAGAAG AGCTAAAGAT TCTTGCCTTC 420 
GATATAGAAA CCCTCTATCA CGAAGGAGAA GAGTTTGGAA AAGGCCCAAT TATAATGATT 480 
AGTTATGCAG ATGAAAATGA AGCAAAGGTG ATTACTTGGA AAAACATAGA TCTTCCATAC 540 
GTTGAGGTTG TATCAAGCGA GAGAGAGATG ATAAAGAGAT TTCTCAGGAT TATCAGGGAG 600 
AAGGATCCTG ACATTATAGT TACTTATAAT GGAGACTCAT TCGCATTCCC ATATTTAGCG 660 
AAAAGGGCAG AAAAACTTGG GATTAAATTA ACCATTGGAA GAGATGGAAG CGAGCCCAAG 720 
ATGCAGAGAA TAGGCGATAT GACGGCTGTA GAAGTCAAGG GAAGAATACA TTTCGACTTG 7 80 
TATCATGTAA TAACAAGGAC AATAAATCTC CCAACATACA CACTAGAGGC TGTATATGAA 840 
GCAATTTTTG GAAAGCCAAA GGAGAAGGTA TACGCCGACG AGATAGCAAA AGCCTGGGAA 90 0 
AGTGGAGAGA ACCTTGAGAG AGTTGCCAAA TACTCGATGG AAGATGCAAA GGCAACTTAT 96 0 
GAACTCGGGA AAGAATTCCT TCCAATGGAA ATTCAGCTTT CAAGATTAGT TGGACAACCT 102 0 
TTATGGGATG TTTCAAGGTC AAGCACAGGG AACCTTGTAG AGTGGTTCTT ACTTAGGAAA 1080 
GCCTACGAAA GAAACGAAGT AGCTCCAAAC AAGCCAAGTG AAGAGGAGTA TCAAAGAAGG 1140 
CTCAGGGAGA GCTACACAGG TGGATTCGTT AAAGAGCCAG AAAAGGGGTT GTGGGAAAAC 12 00 
ATAGTATACC TAGATTTTAG AGCCCTATAT CCCTCGATTA TAATTACCCA CAATGTTTCT 12 60 
CCCGATACTC TAAATCTTGA GGGATGCAAG AACTATGATA TCGCTCCTCA AGTAGGCCAC 1320 
AAGTTCTGCA AGGACATCCC TGGTTTTATA CCAAGTCTCT TGGGACATTT GTTAGAGGAA 1380 
AGACAAAAGA TTAAGACAAA AATGAAGGAA ACTCAAGATC CTATAGAAAA AATACTCCTT 1440 
GACTATAGAC AAAAAGCGAT AAAACTCTTA GCAAATTCTT TCTACGGATA TTATGGCTAT 1500 
GCAAAAGCAA GATGGTACTG TAAGGAGTGT GCTGAGAGCG TTACTGCCTG GGGAAGAAAG 1560 
TACATCGAGT TAGTATGGAA GGAGCTCGAA GAAAAGTTTG GATTTAAAGT CCTCTACATT 162 0 
GACACTGATG GTCTCTATGC AACTATCCCA GGAGGAGAAA GTGAGGAAAT AAAGAAAAAG 1680 
GCTCTAGAAT TTGTAAAATA CATAAATTCA AAGCTCCCTG GACTGCTAGA GCTTGAATAT 1740 
GAAGGGTTTT ATAAGAGGGG ATTCTTCGTT ACGAAGAAGA GGTATGCAGT AATAGATGAA 1800 
GAAGGAAAAG TCATTACTCG TGGTTTAGAG ATAGTTAGGA GAGATTGGAG TGAAATTGCA 1860 
AAAGAAACTC AAGCTAGAGT TTTGGAGACA ATACTAAAAC ACGGAGATGT TGAAGAAGCT 192 0 
GTGAGAATAG TAAAAGAAGT AATACAAAAG CTTGCCAATT ATGAAATTCC ACCAGAGAAG 1980 
CTCGCAATAT ATGAGCAGAT AACAAGACCA TTACATGAGT ATAAGGCGAT AGGTCCTCAC 2 040 
GTAGCTGTTG CAAAGTVAACT AGCTGCTAAA GGAGTTAAAA TAAAGCCAGG AATGGTAATT 2100 
GGATACATAG TACTTAGAGG CGATGGTCCA ATTAGCAATA GGGCAATTCT AGCTGAGGAA 216 0 
TACGATCCCA AAAAGCACAA GTATGACGCA GAATATTACA TGGAGAACCA GGTTCTTCCA 222 0 
GCGGTACTTA GGATATTGGA GGGATTTGGA TACAGAAAGG AAGACCTCAG ATACCAAAAG 2280 
ACAAGACAAG TCGGCCTAAC TTCCTGGCTT AACATTAAAA AATCCTAG 2328 



PFU DNA POLYMERASE 

G387P Mutant (CCN is the codon for Proline where N = C, G, A, or T) 
V93R MUTANT: XXX = AGA, AGO, CGA, CGC, CGG, CGT (ALL POSSIBLE CODONS 
FOR ARGININE) 

V93E MUTANT: XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATTTTAG ATGTGGATTA CATAACTGAA GAAGGAAAAC CTGTTATTAG GCTATTCAAA 6 0 
AAAGAGAACG GAAAATTTAA GATAGAGCAT GATAGAACTT TTAGACCATA CATTTACGCT 12 0 
CTTCTCAGGG ATGATTCAAA GATTGAAGAA GTTAAGAAAA TAACGGGGGA AAGGCATGGA 180 
AAGATTGTGA GAATTGTTGA TGTAGAGAAG GTTGAGAAAA AGTTTCTCGG CAAGCCTATT 240 
ACCGTGTGGA AACTTTATTT GGAACATCCC CAAGATXXXC CCACTATTAG AGAAAAAGTT 3 00 



15- 



AGAGAACATC CAGCAGTTGT GGACATCTTC GAATACGATA TTCCATTTGC AAAGAGATAC 360 
CTCATCGACA AAGGCCTAAT ACCAATGGAG GGGGAAGAAG AGCTAAAGAT TCTTGCCTTC 4 20 
GATATAGAAA CCCTCTATCA CGAAGGAGAA GAGTTTGGAA AAGGCCCAAT TATAATGATT 480 
AGTTATGCAG ATGAAAATGA AGCAAAGGTG ATTACTTGGA AAAACATAGA TCTTCCATAC 540 
GTTGAGGTTG TATCAAGCGA GAGAGAGATG ATAAAGAGAT TTCTCAGGAT TATCAGGGAG 600 
AAGGATCCTG ACATTATAGT TACTTATAAT GGAGACTCAT TCGCATTCCC ATATTTAGCG 660 
AAAAGGGCAG AAAAACTTGG GATTAAATTA ACCATTGGAA GAGATGGAAG CGAGCCCAAG 72 0 
ATGCAGAGAA TAGGCGATAT GACGGCTGTA GAAGTCAAGG GAAGAATACA TTTCGACTTG 780 
TATCATGTAA TAACAAGGAC AATAAATCTC CCAACATACA CACTAGAGGC TGTATATGAA 84 0 
GCAATTTTTG GAAAGCCAAA GGAGAAGGTA TACGCCGACG AGATAGCAAA AGCCTGGGAA 900 
AGTGGAGAGA ACCTTGAGAG AGTTGCCAAA TACTCGATGG AAGATGCAAA GGCAACTTAT 960 
GAACTCGGGA AAGAATTCCT TCCAATGGAA ATTCAGCTTT CAAGATTAGT TGGACAACCT 102 0 
TTATGGGATG TTTCAAGGTC AAGCACAGGG AACCTTGTAG AdbTGGTTCTT ACTTAGGAAA 1080 
GCCTACGAAA GAAACGAAGT AGCTCCAAAC AAGCCAAGTG AAGAGGAGTA TCAAAGAAGG 1140 
CTCAGGGAGA GCTACACACC NGGATTCGTT AAAGAGCCAG AAAAGGGGTT GTGGGAAAAC 1200 
ATAGTATACC TAGATTTTAG AGCCCTATAT CCCTCGATTA TAATTACCCA CAATGTTTCT 12 60 
CCCGATACTC TAAATCTTGA GGGATGCAAG AACTATGATA . TCGCTCCTCA AGTAGGCCAC 13 2 0 
AAGTTCTGCA AGGACATCCC TGGTTTTATA CCAAGTCTCT TGGGACATTT GTTAGAGGAA 13 8 0 
AGACAAAAGA TTAAGACAAA AATGAAGGAA ACTCAAGATC CTATAGAAAA AATACTCCTT 144 0 
GACTATAGAC AAAAAGCGAT AAAACTCTTA GCAAATTCTT TCTACGGATA TTATGGCTAT 1500 
GCAAAAGCAA GATGGTACTG TAAGGAGTGT GCTGAGAGCG. TTACTGCCTG GGGAAGAAAG 1560 
TACATCGAGT TAGTATGGAA GGAGGTCGAA GAAAAGTTTG GATTTAAAGT CCTCTACATT 162 0 
GACACTGATG GTCTCTATGC AACTATCCCA GGAGGAGAAA GTGAGGAAAT AAAGAAAAAG 1680 
GCTCTAGAAT TTGTAAAATA CATAAATTCA AAGCTCCCTG ' GACTGCTAGA GCTTGAATAT 174 0 
GAAGGGTTTT ATAAGAGGGG ATTCTTCGTT ACGAAGAAGA GGTATGCAGT AATAGATGAA 1800 
GAAGGAAAAG TCATTACTCG TGGTTTAGAG ATAGTTAGGA GAGATTGGAG TGAAATTGCA 18 6 0 
AAAGAAACTC AAGCTAGAGT TTTGGAGACA ATACTAAAAC ACGGAGATGT TGAAGAAGCT 192 0 
GTGAGAATAG TAAAAGAAGT AATACAAAAG CTTGCCAATT = ATGAAATTCC ACCAGAGAAG 1980 
CTCGCAATAT ATGAGCAGAT AACAAGACCA TTACATGA6T ATAAGGCGAT AGGTCCTCAC 2040 
GTAGCTGTTG CAAAGAAACT AGCTGCTAAA GGAGTTAAAA TAAAGCCAGG AATGGTAATT 2100 
GGATACATAG TACTTAGAGG CGATGGTCCA ATTAGCAATA GGGCAATTCT AGCTGAGGAA 2160 
TACGATCCCA AAAAGCACAA GTATGACGCA GAATATTACA TGGAGAACCA GGTTCTTCCA 222 0 
GCGGTACTTA GGATATTGGA GGGATTTGGA TACAGAAAGG AAGACCTCAG ATACCAAAAG 2280 
ACAAGACAAG TCGGCCTAAC TTCCTGGCTT AACATTAAAA AATCCTAG 2328 



PFXJ DNA POLYMERASE 

D141A/E143A Mutant (GCN is the codon for alanine where N = C, G, A, or 
T) 

V93R MUTANT t XXX = AGA, AGG, CGA, CGC, CGG, CGT (ALL POSSIBLE CODONS 
FOR ARGINXNE) 

V93E MUTANT : XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATTTTAG ATGTGGATTA CATAACTGAA GAAGGAAAAG CTGTTATTAG GCTATTCAAA 60 
AAAGAGAACG GAAAATTTAA GATAGAGCAT GATAGAACTT TTAGACCATA CATTTACGCT 12 0 
CTTCTCAGGG ATGATTCAAA GATTGAAGAA GTTAAGAAAA TAACGGGGGA AAGGCATGGA 180 
AAGATTGTGA GAATTGTTGA TGTAGAGAAG GTTGAGAAAA AGTTTCTCGG CAAGCCTATT 240 
ACCGTGTGGA AACTTTATTT GGAACATCCC CAAGATXXXC CCACTATTAG AGAAAAAGTT 300 
AGAGAACATC CAGCAGTTGT GGACATCTTC GAATACGATA TTCCATTTGC AAAGAGATAC 360 
CTCATCGACA AAGGCCTAAT ACCAATGGAG GGGGAAGAAG AGCTAAAGAT TCTTGCCTTC 420 
GCNA T AGCNA CCCTCTATCA CGAAGGAGAA GAGTTTGGAA AAGGCCCAAT TATAATGATT 480 
AGTTATGCAG ATGAAAATGA AGCAAAGGTG ATTACTTGGA AAAACATAGA TCTTCCATAC 540 
GTTGAGGTTG TATCAAGCGA GAGAGAGATG ATAAAGAGAT TTCTCAGGAT TATCAGGGAG 60 0 
AAGGATCCTG ACATTATAGT TACTTATAAT GGAGACTCAT TCGCATTCCC ATATTTAGCG 660 
AAAAGGGCAG AAAAACTTGG GATTAAATTA ACCATTGGAA GAGATGGAAG CGAGCCCAAG 72 0 
ATGCAGAGAA TAGGCGATAT GACGGCTGTA GAAGTCAAGG GAAGAATACA TTTCGACTTG 780 
TATCATGTAA TAACAAGGAC * AATAAATCTC CCAACATACA CACTAGAGGC TGTATATGAA 84 0 
GCAATTTTTG GAAAGCCAAA GGAGAAGGTA TACGCCGACG AGATAGCAAA AGCCTGGGAA 90 0 



AGTGGAGAGA ACCTTGAGAG AGTTGCCAAA TACTCGATGG AAGATGCAAA GGCAACTTAT 96 0 
GAACTCGGGA AAGAATTCCT TCCAATGGAA ATTCAGCTTT CAAGATTAGT TGGACAACCT 102 0 
TTATGGGATG TTTCAAGGTC AAGCACAGGG AACCTTGTAG AGTGGTTCTT ACTTAGGAAA 108 0 
GCCTACGAAA GAAACGAAGT AGCTCCAAAC AAGCCAAGTG AAGAGGAGTA TCAAAGAAGG 1140 
CTCAGGGAGA GCTACACAGG TGGATTCGTT AAAGAGCCAG AAAAGGGGTT GTGGGAAAAC 12 00 
ATAGTATACC TAGATTTTAG AGCCCTATAT CCCTCGATTA TAATTACCCA CAATGTTTCT 12 60 
CCCGATACTC TAAATCTTGA GGGATGCAAG AACTATGATA TCGCTCCTCA AGTAGGCCAC 132 0 
AAGTTCTGCA AGGACATCCC TGGTTTTATA CCAAGTCTCT TGGGACATTT GTTAGAGGAA 13 80 
AGACAAAAGA TTAAGACAAA AATGAAGGAA ACTCAAGATC CTATAGAAAA AATACTCCTT 1440 
GACTATAGAC AAAAAGCGAT AAAACTCTTA GCAAATTCTT TCTACGGATA TTATGGCTAT 1500 
GCAAAAGCAA GATGGTACTG TAAGGAGTGT GCTGAGAGCG TTACTGCCTG GGGAAGAAAG 15 6 0 
TACATCGAGT TAGTATGGAA GGAGCTCGAA GAAAAGTTTG GATTTAAAGT CCTCTACATT 162 0 
GACACTGATG GTCTCTATGC AACTATCCCA GGAGGAGAAA gSgAGGAAAT AAAGAAAAAG 168 0 
GCTCTAGAAT TTGTAAAATA CATAAATTCA AAGCTCCCTG GACTGCTAGA GCTTGAATAT 174 0 
GAAGGGTTTT ATAAGAGGGG ATTCTTCGTT ACGAAGAAGA GGTATGCAGT AATAGATGAA 1800 
GAAGGAAAAG TCATTACTCG TGGTTTAGAG ATAGTTAGGA GAGATTGGAG TGAAATTGCA 18 6 0 
AAAGAAACTC AAGCTAGAGT TTTGGAGACA ATACTAAAAC ACGGAGATGT TGAAGAAGCT 192 0 
GTGAGAATAG TAAAAGAAGT AATACAAAAG CTTGCCAATT ATGAAATTCC ACCAGAGAAG 1980 
CTCGCAATAT ATGAGCAGAT AACAAGACCA TTACATGAGT ATAAGGCGAT AGGTCCTCAC 2 040 
GTAGCTGTTG CAAAGAAACT AGCTGCTAAA GGAGTTAAAA TAAAGCCAGG AATGGTAATT 2100 
GGATACATAG TACTTAGAGG CGATGGTCCA ATTAGCAATA GGGCAATTCT AGCTGAGGAA 2160 
TACGATCCCA AAAAGCACAA GTATGACGCA GAATATTACA TGGAGAACCA GGTTCTTCCA 22 2 0 
GCGGTACTTA GGATATTGGA GGGATTTGGA TACAGAAAGG AAGACCTCAG ATACCAAAAG 22 80 
ACAAGACAAG TCGGCCTAAC TTCCTGGCTT AACATTAAAA AATCCTAG 2328 



KOD DNA POLYMERASE 

V93R MUTANT: XXX = AGA, AGG, CGA, CGC, CGG, CGT (ALL POSSIBLE CODONS 
FOR ARGININE) 

V93E MtTTANT: XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATCCTCG ACACTGACTA CATAACCGAG GATGGAAAGC CTGTCATAAG AATTTTCAAG 60 

AAGGAAAACG GCGAGTTTAA GATTGAGTAC GACCGGACTT TTGAACCCTA CTTCTACGCC 12 0 

CTCCTGAAGG ACGATTCTGC CATTGAGGAA GTCAAGAAGA TAACCGCCGA GAGGCACGGG 18 0 

ACGGTTGTAA CGGTTAAGCG GGTTGAAAAG GTTCAGAAGA AGTTCCTCGG GAGACCAGTT 240 

GAGGTCTGGA AACTCTACTT TACTCATCCG CAGGA CXXX C CAGCGATAAG GGACAAGATA 30 0 

. CGAGAGCATC CAGCAGTTAT TGACATCTAC GAGTACGACA TACCCTTCGC CAAGCGCTAC 3 60 

CTCATAGACA AGGGATTAGT GCCAATGGAA GGCGACGAGG AGCTGAAAAT GCTCGCCTTC 42 0 

GACATTGAAA CTCTCTACCA TGAGGGCGAG GAGTTCGCCG AGGGGCCAAT CCTTATGATA 480 

AGCTACGCCG ACGAGGAAGG GGCCAGGGTG ATAACTTGGA AGAACGTGGA TCTCCCCTAC 540 

GTTGACGTCG TCTCGACGGA GAGGGAGATG ATAAAGCGCT TCCTCCGTGT TGTGAAGGAG 600 

AAAGACCCGG ACGTTCTCAT AACCTACAAC GGCGACAACT TCGACTTCGC CTATCTGAAA 660 

AAGCGCTGTG AAAAGCTCGG AATAAACTTC GCCCTCGGAA GGGATGGAAG CGAGCCGAAG 72 0 

ATTCAGAGGA TGGGCGACAG GTTTGCCGTC GAAGTGAAGG GACGGATACA CTTCGATCTC 7 80 

TATCCTGTGA TAAGACGGAC GATAAACCTG CCCACATACA , CGCTTGAGGC CGTTTATGAA 84 0 

GCCGTCTTCG GTCAGCCGAA GGAGAAGGTT TACGCTGAGG AAATAACCAC AGCCTGGGAA 900 

ACCGGCGAGA ACCTTGAGAG AGTCGCCCGC TACTCGATGG AAGATGCGAA GGTCACATAC 960 

GAGCTTGGGA AGGAGTTCCT TCCGATGGAG GCCCAGCTTT;; CTCGCTTAAT CGGCCAGTCC 102 0 

CTCTGGGACG TCTCCCGCTC CAGCACTGGC AACCTCGTTG AGTGGTTCCT CCTCAGGAAG 10 80 

GCCTATGAGA GGAATGAGCT GGCCCCGAAC AAGCCCGATG AAAAGGAGCT GGCCAGAAGA 114 0 

CGGCAGAGCT ATGAAGGAGG CTATGTAAAA GAGCCCGAGA GAGGGTTGTG GGAGAACATA 1200 

GTGTACCTAG ATTTTAGATC CCTGTACCCC TCAATCATCA TCACCCACAA CGTCTCGCCG 1260 

GATACGCTCA ACAGAGAAGG ATGCAAGGAA TATGACGTTG CCCCACAGGT CGGCCACCGC 132 0 

TTCTGCAAGG ACTTCCCAGG ATTTATCCCG AGCCTGCTTG GAGACCTCCT AGAGGAGAGG 13 8 0 

CAGAAGATAA AGAAGAAGAT GAAGGCCACG ATTGACCCGA TCGAGAGGAA GCTCCTCGAT 144 0 

TACAGGCAGA GGGCCATCAA GATCCTGGCA AACAGCTACT ACGGTTACTA CGGCTATGCA 1500 

AGGGCGCGCT GGTACTGCAA GGAGTGTGCA GAGAGCGTAA CGGCCTGGGG AAGGGAGTAC 1560 

ATAACGATGA CCATCAAGGA . GATAGAGGAA AAGTACGGCT TTAAGGTAAT CTACAGCGAC 162 0 



i 



ACCGACGGAT TTTTTGCCAC AATACCTGGA GCCGATGCTG AAACCGTCAA AAAGAAGGCT 16 8 0 
ATGGAGTTCC TCAAGTATAT CAACGCCAAA CTTCCGGGCG CGCTTGAGCT CGAGTACGAG 174 0 
GGCTTCTACA AACGCGGCTT CTTCGTCACG AAGAAGAAGT ATGCGGTGAT AGACGAGGAA 18 00 
GGCAAGATAA CAACGCGCGG ACTTGAGATT GTGAGGCGTG ACTGGAGCGA GATAGCGAAA 1860 
GAGACGCAGG CGAGGGTTCT TGAAGCTTTG CTAAAGGACG GTGACGTCGA GAAGGCCGTG 192 0 
AGGATAGTCA AAGAAGTTAC CGAAAAGCTG AGCAAGTACG AGGTTCCGCC GGAGAAGCTG 1980 
GTGATCCACG AGCAGATAAC GAGGGATTTA AAGGACTACA AGGCAACCGG TCCCCACGTT 2 04 0 
GCCGTTGCGA AGAGGTTGGC CGCGAGAGGA GTCAAAATAC GCCCTGGAAC GGTGATAAGC 2100 
TACATCGTGC TCAAGGGCTC TGGGAGGATA GGCGACAGGG CGATACCGTT CGACGAGTTC 2160 
GACCCGACGA AGCACAAGTA CGACGCCGAG TACTACATTG AGAACCAGGT TCTCCCAGCC 2220 
GTTGAGAGAA TTCTGAGAGC CTTCGGTTAC CGCAAGGAAG ACCTGCGCTA CCAGAAGACG 22 80 
AGACAGGTTG GTTTGAGTGC TTGGCTGAAG CCGAAGGGAA CTTGA 2 325 

Vent DNA POLYMERASE 

V93R MUTANT : XXX =: A6A, A66, C6A, CGC, CGG, CGT (ALI. POSSIBLE CODONS 
FOR AR6XKXNE) 

V93E MUTANT: XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATACTGG ACACTGATTA CATAACAAAA GATGGCAAGC CTATAATCCG AATTTTTAAG 60 
AAAGAGAACG GGGAGTTTAA AATAGAACTT GACCCTCATT TTCAGCCCTA TATATATGCT 12 0 
CTTCTCAAAG ATGACTCCGC TATTGAGGAG ATAAAGGCAA TAAAGGGCGA GAGACATGGA 180 
AAAACTGTGA GAGTGCTCGA TGCAGTGAAA GTCAGGAAAA AATTTTTGGG AAGGGAAGTT 240 
GAAGTCTGGA AGCTCATTTT CGAGCATCCC CAAGACXXXC CAGCTATGCG GGGCAAAATA 3 00 
AGGGAACATC CAGCTGTGGT TGACATTTAC GAATATGACA TACCCTTTGC CAAGCGTTAT 3 60 
CTCATAGACA AGGGCTTGAT TCCCATGGAG GGAGACGAGG AGCTTAAGCT CCTTGCCTTT 420 
GATATTGAAA CGTTTTATCA TGAGGGAGAT GAATTTGGAA AGGGCGAGAT AATAATGATT 4 80 
AGTTATGCCG ATGAAGAAGA GGCCAGAGTA ATCACATGGA AAAATATCGA TTTGCCGTAT 540 
GTCGATGTTG TGTCCAATGA AAGAGAAATG ATAAAGCGTT TTGTTCAAGT TGTTAAAGAA 60 0 
AAAGACCCCG ATGTGATAAT AACTTACAAT GGGGACAATT TTGATTTGCC GTATCTCATA 660 
AAACGGGCAG AAAAGCTGGG AGTTCGGCTT GTCTTAGGAA GGGACAAAGA ACATCCCGAA 720 
CCCAAGATTC AGAGGATGGG TGATAGTTTT GCTGTGGAAA TCAAGGGTAG AATCCACTTT 780 
GATCTTTTCC CAGTTGTGCG AAiSGACGATA AACCTCCCAA CGTATACGCT TGAGGCAGTT 840 
TATGAAGCAG TTTTAGGAAA AACCAAAAGC AAATTAGGAG CAGAGGAAAT TGCCGCTATA 900 
TGGGAAACAG AAGAAAGCAT GAAAAAACTA GCCCAGTACT CAATGGAAGA TGCTAGGGCA 960 
ACGTATGAGC TCGGGAAGGA ATTCTTCCCC ATGGAAGCTG AGCTGGCAAA GCTGATAGGT 102 0 
CAAAGTGTAT GGGACGTCTC GAGATCAAGC ACCGGCAACC TCGTGGAGTG GTATCTTTTA 108 0 
AGGGTGGCAT ACGCGAGGAA TGAACTTGCA CCGAACAAAC CTGATGAGGA AGAGTATAAA 114 0 
CGGCGCTTAA GAACAACTTA CCTGGGAGGA TATGTAAAAG AGCCAGAAAA AGGTTTGTGG 12 0 0 
GAAAATATCA TTTATTTGGA TTTCCGCAGT CTGTACCCTT CAATAATAGT TACTCACAAC 12 6 0 
GTATCCCCAG ATACCCTTGA AAAAGAGGGC TGTAAGAATT ACGATGTTGC TCCGATAGTA 132 0 
GGATATAGGT TCTGCAAGGA CTTTCCGGGC TTTATTCCCT CCATACTCGG GGACTTAATT 13 8 0 
GCAATGAGGC AAGATATAAA GAAGAAAATG AAATCCACAA TTGACCCGAT CGAAAAGAAA 144 0 
ATGCTCGATT ATAGGCAAAG GGCTATTAAA TTGCTTGCAA ACAGCTATTA CGGCTATATG 150 0 
GGGTATCCTA AGGCAAGATG GTACTCGAAG GAATGTGCTG AAAGCGTTAC CGCATGGGGG 156 0 
AGACACTACA TAGAGATGAC GATAAGAGAA ATAGAGGAAA AGTTCGGCTT TAAGGTTCTT 162 0 
TATGCGGACA CTGACGGCTT TTATGCCACA ATACCCGGGG AAAAGCCTGA ACTCATTAAA 1680 
AAGAAAGCCA AGGAATTCCT AAACTACATA AACTCCAAAC TTCCAGGTCT GCTTGAGCTT 174 0 
GAGTATGAGG GCTTTTACTT GAGAGGATTC TTTGTTACAA AAAAGCGCTA TGCAGTCATA 1800 
GATGAAGAGG GCAGGATAAC AACAAGGGGC TTGGAAGTAG TAAGGAGAGA TTGGAGTGAG 18 6 0 
ATAGCTAAGG AGACTCAGGC AAAGGTTTTA GAGGCTATAC TTAAAGAGGG AAGTGTTGAA 192 0 
AAAGCTGTAG AAGTTGTTAG AGATGTTGTA GAGAAAATAG CAAAATACAG GGTTCCACTT 198 0 
GAAAAGCTTG TTATCCATGA GCAGATTACC AGGGATTTAA AGGACTACAA AGCCATTGGC 204 0 
CCTCATGTCG CGATAGCAAA AAGACTTGCC GCAAGAGGGA TAAAAGTGAA ACCGGGCACA 2100 
ATT^TAAGCT ATATCGTTCT CAAAGGGAGC GGAAAGATAA GCGATAGGGT AATTTTACTT 216 0 
ACAGAATACG ATCCTAGAAA ACACAAGTAC GATCCGGACT ACTACATAGA AAACCAAGTT 2 22 0 
TTGCCGGCAG TACTTAGGAT ACTCGAAGCG TTTGGATAGA GAAAGGAGGA TTTAAGGTAT 22 8 0 
CAAAGCTCAA AACAAACCGG CTTAGATGCA TGGCTCAAGA GGTAG 2 32 5 



1^ 




Deep Vent: 

V93R MUTANT r XXX = AGA, AGG, CGA, CGC, CGG, CGT (ALL POSSIBLE CODONS 
FOR ARGININE) 

V93E MUTAIIT: XXX = 6AA, GAG (ALI. CODONS FOR GLUTAMIC ACID) 

ATGATACTTG ACGCTGACTA CATCACCGAG GATGGGAAGC CGATTATAAG GATTTTCAAG 60 

AAAGAAAACG GCGAGTTTAA GGTTGAGTAC GACAGAAACT TTAGACCTTA CATTTACGCT 120 

CTCCTCAAAG ATGACTCGCA GATTGATGAG GTTAGGAAGA TAACCGCCGA GAGGCATGGG 18 0 

AAGATAGTGA GAATTATAGA TGCCGAAAAG GTAAGGAAGA AGTTCCTGGG GAGGCCGATT 24 0 

GAGGTATGGA GGCTGTACTT TGAACACCCT CAGGA CXXX C CCGCAATAAG GGATAAGATA 300 

AGAGAGCATT CCGCAGTTAT TGACATCTTT GAGTACGACA TTCCGTTCGC GAAGAGGTAC 360 

CTAATAGACA AAGGCCTAAT TCCAATGGAA GGCGATGAAG AGCTCAAGTT GCTCGCATTT 42 0 

GACATAGAAA CCCTCTATCA CGAAGGGGAG GAGTTCGCGA AGGGGCCCAT TATAATGATA 4 80 

AGCTATGCTG ATGAGGAAGA AGCCAAAGTC ATAAGGTGGA aXaAGATCGA TCTCCCGTAC 540 

GTCGAGGTAG TTTCCAGCGA GAGGGAGATG ATAAAGCGGT TCCTCAAGGT GATAAGGGAG 600 

AAAGATCCCG ATGTTATAAT TACCTACAAC GGCGATTCTT TCGACCTTCC CTATCTAGTT 660 

AAGAGGGCCG AAAAGCTCGG GATAAAGCTA CCCCTGGGAA GGGACGGTAG TGAGCCAAAG 720 

ATGCAGAGGC TTGGGGATAT GACAGCGGTG GAGATAAAGG GAAGGATACA CTTTGACCTC 780 

TACCACGTGA TTAGGAGAAC GATAAAGCTC CCAACATACA CCCTCGAGGC AGTTTATGAG 84 0 

GCAATCTTCG GAAAGCCAAA GGAGAAAGTT TACGCTCACG AGATAGCTGA GGCCTGGGAG 900 

ACTGGAAAGG GACTGGAGAG AGTTGCAAAGf TATTCAATGG AGGATGCAAA GGTAACGTAC 960 

GAGCTCGGTA GGGAGTTCTT CCCAATGGAG GCCCAGCTTT CAAGGTTAGT CGGCCAGCCC 1020 

CTGTGGGATG TTTCTAGGTC TTCAACTGGC AACTTGGTGG AGTGGTACCT CCTCAGGAAG 10 8 0 

GCCTACGAGA GGAATGAATT GGCTCCAAAC AAGCCGGATG AGAGGGAGTA CGAGAGAAGG 114 0 

CTAAGGGAGA GCTACGCTGG GGGATACGTT AAGGAGCCGG AGAAAGGGCT CTGGGAGGGG 12 00 

TTAGTTTCCC TAGATTTCAG GAGCCTGTAC CCCTCGATAA TAATCACCCA TAACGTCTCA 1260 

CCGGATACGC TGAACAGGGA AGGGTGTAGG GAATACGATG TCGCCCCAGA GGTTGGGCAC 1320 

AAGTTCTGCA AGGACTTCCC GGGGTTTATC CCCAGCCTGC TCAAGAGGTT ATTGGATGAA 13 80 

AGGCAAGAAA TAAAAAGGAA GATGAAAGCT TCTAAAGACC CAATCGAGAA GAAGATGCTT 14 4 0 

GATTACAGGC AACGGGCAAT CAAAATCCTG GCAAACAGCT ATTATGGGTA TTATGGGTAC 1500 

GCAAAAGCCC GTTGGTACTG TAAGGAGTGC GCAGAGAGCG TTACGGCCTG GGGGAGGGAA 1560 

TATATAGAGT TCGTAAGGAA GGAACTGGAG GAAAAGTTCG GGTTCAAAGT CTTATACATA 1620 

GACACAGATG GACTCTACGC CACAATTCCT GGGGCAAAAC CCGAGGAGAT AAAGAAGAAA 168 0 

GCCCTAGAGT TCGTAGATTA TATAAACGCC AAGCTCCCAG GGCTGTTGGA GCTTGAGTAC 174 0 

GAGGGCTTCT ACGTGAGAGG GTTCTTCGTG ACGAAGAAGA AGTATGCGTT GATAGATGAG 18 0 0 

GAAGGGAAGA TAATCACTAG GGGGCTTGAA ATAGTCAGGA GGGACTGGAG CGAAATAGCC 1860 

AAAGAAACCC AAGCAAAAGT CCTAGAGGCT ATCCTAAAGC ATGGCAACGT TGAGGAGGCA 1920 

GTAAAGATAG TTAAGGAGGT AACTGAAAAG CTGAGCAAGT ACGAAATACC TCCAGAAAAG 19 8 0 

CTAGTTATTT ACGAGCAGAT CACGAGGCCC CTTCACGAGT ACAAGGCTAT AGGTCCGCAC 204 0 

GTTGCCGTGG CAAAAAGGTT AGCCGCTAGA GGAGTAAAGG TGAGGCCTGG CATGGTGATA 2100 

GGGTACATAG TGCTGAGGGG AGACGGGCCA ATAAGCAAGA GGGCTATCCT TGCAGAGGAG 2160 

TTCGATCTCA GGAAGCATAA GTATGACGCT GAGTATTACA TAGAAAATCA GGTTTTACCT 222 0 

GCCGTTCTTA GAATATTAGA GGCCTTTGGG TACAGGAAAG AAGACCTCAG GTGGCAGAAG 2280 

ACTAAACAGA CAGGTCTTAC GGCATGGCTT AACATCAAGA AGAAGTAA 2 32 8 



JDF-3 

V93R MUTANT: XXX = AGA, AGG, CGA, CGC, CGG, CGT (ALL POSSIBLE CODONS 
FOR ARGININE) 

V93E MUTANT: XXX = GAA, GAG (ALL CODONS FOR GLUTAMIC ACID) 

ATGATCCTTGACGTTGATTACATCACCGAGAATGGAAAGCCCGTCATCAGGGTCTTCAAGAAGGAGAACGGCGAGTTCA 

ggattgaatacgaccgcgagttcgagccctacttctacgcgctcctcagggacgactctgccatcgaagaaatcaaaaa 
gataaccgcggagaggcacggcagggtcgttaaggttaagcgcgcggagaaggtgaagaaaaagttcctcggcaggtct 
gtggaggtctgggtcctctacttcacgcacccgcaggac xxx ccggcaatccgcgacaaaataaggaagcaccccgcgg 
tcatcgacatctacgagtacgacatacccttcgccaagcgctacctcatagacaagggcctaatcccgatggaaggtga 



GGAAGAGCTTAAACTCATGTCCTTC GAG ATC GAG ACGCTCTACCACGAGGGAGAAGAGTTTGGAACCGGGCCGATTCTG 



atgataagctacgccgatgaaagcgaggcgcgcgtgataacctggaagaagatcgagcttccttacgttgaggttgtct 
ccaccgagaaggagatgattaagcgcttcttgagggtcgttaaggagaaggacccggacgtgctgataacatacaacgg 



CGACAACTTCGACTTCGCCTACCTGAAAAAGCGCTGTGAGAAGCTTGGCGTGAGCTTTACCCTCGGGAGGGACGGGAGC 
GAGCCGAAGATACAGCGCATGGGGGACAGGTTTGCGGTCGAGGTGAAGGGCAGGGTACACTTCGACCTTTATCCAGTCA 
TAAGGCGCACCATAAACCTCCCGACCTACACCCTTGAGGCTGTATACGAGGCGGTTTTCGGCAAGCCCAAGGAGAAGGT 
CTACGCCGAGGAGATAGCCACCGCCTGGGAGACCGGCGAGGGGCTTGAGAGGGTCGCGCGCTACTCGATGGAGGACGCG 
AGGGTTACCTACGAGCTTGGCAGGGAGTTCTTCCCGATGGAGGCCCAGCTTTCCAGGCTCATCGGCCAAGGCCTCTGGG 
ACGTTTCCCGCTCCAGCACCGGCAACCTCGTCGAGTGGTTCCTCCTAAGGAAGGCCTACGAGAGGAACGAACTCGCTCC 
CAACAAGCCCGACGAGAGGGAGCTGGCGAGGAGAAGGGGGGGCTACgcCGGTGGCTACGTCAAGGAGCCGGAGCGGGGA 



CTGTGGGACAATATCGTGTATCTAGACTTTCGTAGTCTCTA qCCTlT CAATCATAATCACCCACAACGTCTCGCCAGATA 
CGCTCAACCGCGAGGGGTGTAGGAGCTACGACGTTGCCCCCGAGGTCGGTCACAAGTTCTGCAAGGACTTCCCCGGCTT 
CATTCCGAGCCTGCTCGGAAACCTGCTGGAGGAAAGGCAGAAGATAAAGAGGAAGATGAAGGCAACTCTCGACCCGCTG 



GAGAAGAATCTCCTCGATTACAGGCAACG qGCq ATCAAGATTCTCGCCAACAGCTACTACGGCTACTACGGCTATGCCA 

GGGCAAGATGGTACTGCAGGGAGTGCGCCGAGAGCGTTACGGCATGGGGAAGGGAGTACATCGAAATGGTCATCAGAGA 

GCTTGAGGAAAAGTTCGGTTTTAAAGTCCTCTATGCAGACACAGA(?GGTCTCCATGCCACCATTCCTGGAGCGGACGCT 

GAAACAGTCAAGAAAAAGGCAATGGAGTTCTTAAACTATATCAATCCCAAACTGCCCGGCCTTCTCGAACTCGAATACG 

AGGGCTTCTACGTCAGGGGCTTCTTCGTCACGAAGAAAAAGTACGCGGTCATCGACGAGGAGGGCAAGATAACCACGCG 

CGGGCTTGAGATAGTCAGGCGCGACTGGAGCGAGATAGCGAAGGAGACGCAGGCGAGGGTTTTGGAGGCGATACTCAGG 

CACGGTGACGTTGAAGAGGCCGTCAGAATTGTCAGGGAAGTCACCGAAAAGCTGAGCAAGTACGAGGTTCCGCCGGAGA 

AGCTGGTTATCCACGAGCAGATAACGCGCGAGCTCAAGGACTACAAGGCCACCGGCCCGCACGTAGCCATAGCGAAgcG 

TTTGGCCGCCAGAGGTGTTAAAATCCGGCCCGGAACTGTGATAAGCTACATCGTTCTGAAGGGCTCCGGAAGGATAGGC 

GACAGGGCGATTCCCTTCGACGAGTTCGACCCGACGAAGCACAAGTACGATGCGGACTACTACATCGAGAACCAGGTTC 

TGCCGGCAGTTGAGAGAATCCTCAGGGCCTTCGGCTACCGCAAGGAAGACCTGCGCTACCAGAAGACGAGGCAGGTCGG 

GCTTGGCGCGTGGCTGAAGCCGAAGGGGAAGAAGAAGTGA 



i 



Figure 13B 



>Pfu V93R 



MILDVDYITEEGKPVIRLFKKENGKFKIEHDRTFRPYIYALLIU)DSKIEEVKKITGERHGKIVRIVDVEKVE 

KPITWKLYLEHPQDRPTIREKVREHPAVVDIFEYDIPFAKRYIilDKGLIPMEGEEELKILAFDIETLYHEGE 

GPIIMISYADENEAKVITWKWIDLPYVEWSSEREMIKiiFLRIIREKDPDIIVTYNGDSFDFPYIiAK^^ 

IGRDGSEPKMQRIGDMTAVEVKGRIHFDIiYHVITRTIl^PTYTLEAVYEAIFGKPKEK^ADEIAKA 

AKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGNIiVEWFLLRKAYERNEVAPNKPSEEEYQRR^^ 

TGGFVKEPEKGIiWENI VYLDFRAL YPS 1 1 ITHNVS PDTLNLEGGKNYDIAPQVGHKFCKDIPGF I PSLIiGHIjLEERQ 

KIKTKMKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIELWKELEEKFGFK^ 

IDTDGLYATIPGGESEEIKKKALEFVKrYINSKLPGLLELEYEGFYKIiGFFVTKKRYAVIDEEGKVITRGLEIV^ 

SEIAKETQARVIiETILKHGDVEEAVRIVKEVIQKXiANYEIPPEKIiAIYEQITRPLHEYKAIGPHVAVAKK^ 

IKPGMVIGYIVLRGDGPISNRAILAEEYDPKKHKYDAEYYIENQVLPAVLRILEGFGYRKEDLRYQKTR^^ 

NIKKS // 



MILDVDYITEEGKPVIRLFKXENGKFKIEHDRTFRPYIYALLRDDSKIEEVKKITGERHGKIVRIVDVEKVEKKFLG 

KPITWKLYLEHPQDEPTIREKVREHPAVVDIFEYDIPFAKRYLIDKGIiIPMEGEEELKIIjAFDIETLYHEGEEFGK 

GPI IMISYADENEAKVITWKNIDLPYVEWSSEREMIKRFLRI IREKDPDI I VTYNGDSFDFPYLAKRAEKLGIK^ 

IGRDGSEPKMQRIGDMTAVEVKGRXHFDLYHVITRTINLPTYTLEAVYEAIFGKPKEKN^ADEIAKAWESGEN^ 

AKYSMEDAKATYEIjGKEFLPMEIQLSRIiVGQPLWDVSRSSTGNLVEWFLLRKAYERNEVAPNKPSEEEYQRRLRESY 

TGGFVKEPEKGLWENI VYLDFRALYPS 1 1 ITHNVS PDTLNLEGCKNYD I APQVGHKFCKD I PGF I PSLLGHLLEERQ 

KIKTKMKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIELWKELEEKFG 

IDTDGLYATIPGGESEEIKKKALEFVKYINSKIiPGLLELEYEGFYKRGFFVTKKRYAVIDEEGKVITRGLEIVRRDW 

SEIAKETQARVLETILKHGDVEEAVRIVKEVIQKLANYEIPPEKIiAIYEQITRPLHEYKAIGPHVAVAK^ 

IKPGMVIGYIVLRGDGPISNRAILAEEYDPKKHKYDAEYYIENQVIiPAVLRILEGFGYRKEDIiRYQKTRQVGLT 

NIKKS 

>Pfu V93R/G3 87P 

MXLDVDYITEEGKPVIRLFKKENGKFKIEHDRTFRPYIYALLRDDSKIEEVKKITGERHGKIVRIVDVEKVEKKFLG 

KPITVWKLYLEHPQDRPTIREKVREHPAWDIFEYDIPFAKRYLIDKGLIPMEGEEELKILAFDIETLYHEGEEFGK 

GPIIMISYADENEAKVITWKNIDLPYVEWSSEREMIKRFLRIIREKDPDIIVTYNGDSFDFPYLAKRAEKLG 

IGRDGSEPKMQRIGDMTAVEVKGRIHFDLYHVITRTINLPTYTLEAVYEAIFGKPKEKVYADEIAKAWESGENIiERV 

AKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGNIjVEWFLLRKAYERNEVAPNKPSEEEYQRRLRESY 

TPGFVKEPEKGLWENIVYLDFRALYPSIIITHNVSPDTIiNLEGCKNyDIAPQVGHKFCKDIPGFIPSLLGHL^ 

KIKTKMKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIELWKELEEKFGFKV^ 

IDTDGLYATIPGGESEEIKKKAIiEFVKYINSKLPGLLELEYEGFYKRGFFVTKKRYAVIDEEGKVITRGLEIVRRDW 

SEIAKETQARVLETILKHGDVEEAVRIVKEVIQKLANYEIPPEKLAIYEQITRPLHEYKAIGPHVAVAKKLAA^ 

IKPGlWIGYIVLRGDGPISNRAIIiAEEYDPKKHKYDAEYYIENQVTJPAVLRILEGFGYRKEDLRYQKra 
NIKKS 

>Pfu V93R/D141A/E143A 

MILDVDYITEEGKPVIRLFKKENGKFKIEHDRTFRPYIYALLRDDSKIEEVKKITGERHGKIVRIVDVEKVEKKFLG 

KPITVWKLYLEHPQDRPTIREKVREHPAWDIFEYDIPFAKRYLIDKGLIPMEGEEELKILAFAIATLYHEGEEFGK 

GPIIMISYADENEAKVITWKNIDLPYVEWSSEREMIKRFLRIIREKDPDIIVTYNGDSFDFPYLAKRA^ 

IGRDGSEPKMQRIGDMTAVEVKGRIHFDLYHVITRTINIjPTYTLEAVYEAIFGKPKEKVYADEIAKAWESGENLERV 

AKYSMEDAKATYELGKEFLP^4EIQLSRLVGQPLWDVSRSSTGNLVEWFLLRKAYERNEVAPNKPSEEEYQRRIiRESY 

TGGFVKEPEKGLWENIVYLDFRALYPSlilTHNVSPDTLNLEGCKNYDIAPQVGHKFCKDIPGFIPSLLGHliIiEERQ 

KIKTKMKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIELVWKELEEKFGFKVLY 

IDTDGLYATIPGGESEEIKKKALEFVKYINSKLPGIiLELEYEGFYKRGFFVTKKRYAVIDEEGKVITRGLEIVRRDW 

SEIAKETQARVLETILKHGDVEEAWIVKEVIQKLANYEIPPEKLAIYEQITRPLHEYKAIGPH^ 

IKPGMVIGYIVLRGDGPISNRAILAEEYDPKKHKYDAEYYIENQVLPAVLRILEGFGYRKEDLRYQKTRQVGLTSW 

NIKKS 

>Pfu V93E/G387P 



>Pfu V93E 




MILDVDYITEEGKPVIRLFKiaENGKFKIEHDRTFRPYIYALLRDDSKIEEVKKITGERHGKIVRIVDVEK^ 
KPITWKIiYLEHPQDEPTIREKVREHPAVVDIFEYDIPFAKRYLIDKGLIPMEGEEELKILAFDIETLYHEGEEFGK 
GPIIMISYADENEAKVITWKNIDLPYVEWSSEREMIKKFLRIIREKDPDIIVTYNGDSFDFPYIJ^ 
IGRDGSEPKMQRIGDMTAVEVKGRIHFDIiYHVITRTINLPTYTIiEAVYEAIFGKPKEKVYADEI 

AKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGNLVEWFLLRKAYERNEVAPNKPSEEEYQRRLRESY 

TPGFVKEPEKGLWENIVYLDFRALYPSIIITHNVSPDTLNLEGCKNYDIAPQVGHKFCKDIPGFIPSLL^ 

KI KTKMKETQDP I EKILLD YRQKAI KliLANS F YGYYGYAKARWYCKi:CAESVTAWGRKYI ELWKEL^ 

IDTDGLYATIPGGESEEIKKKALBFVKYINSKLPGLLELEYEGFYKRGFFVTKKRYAVIDEEGKVITRGLEIVRRDW 

SE I AKETQARVLET I LKHGD VEEAWI VKE VI QKIiANYE I PPEKLAI YEQ I TRPLHE YKA^ 

IKPGIWIGYIVLRGDGPISNRAILAEEYDPKKHKYDAEYYIENQVLPAVLRILEGFGYRKEDLRYQKT 

NIKKS 

>Pfu V93E/D141A/E143A f 

MILDVDYITEEGKPVIRIiFKKENGKFKIEHDRTFRPYIYAIiliRDDSKIEEVKKITGERHGKIVRIVDVEKVEKJ^ 

KPITWKLYLEHPQDRPTIREKVREHPAVVDIFEYDIPFAKRYLIDKGLIPMEGEEELKIIiAFAIATL 

GPIIMISYADENEAKVITWKNIDLPYVEWSSEREMIKRFLRIIREKDPDIIVTYNGDSFDFPYLAKK^ 

IGRDGSEPKMQRIGDMTAVEVKGRIHFDLYHVITRTINLPTYTLEAVYEAIFGKPKEKVYADEIAKAWESGE 

AKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGNLVEWFLLRKAYERNEVAPNKPSEEEYQRRliRESY 

TGGFVKEPEKGLWENI VYIiDFRALYPS 1 1 ITHNVSPDTIiNLEGCKNYDIAPQVGHK^CK^ 

KIKTKMKETQDPIEKILLDYRQKAIKIiLANSFYGYYGYAKARWYCKECAESVTAWGRKYIELVWKELEEKFG 

IDTDGLYATIPGGESEEIKKKALEFVKYINSKLPGLLELEYEGFYKRGFFWKKRYAVIDEEGKVITRGIiEIWRDW 

SEIAKETQARVLETILKHGDVEEAWIVKEVIQKLANYEIPPEKLAIYEQITRPLHEYKAIGPHVAVAKKI^ 

IKPGMVIGYIVLRGDGPISNRAILAEEYDPKKHKYDAEYYIENQVliPAVLRILEGFGYRKEDLRYQKTRQVGL^ 

NIKKS 

>DEEP VENT V93R 

MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYAIiLKDDSQIDEVRKITAERHGKIVRIIDAEKVRKKFLG 

RPIEVWRLYFEHPQDRPAIRDKIREHSAVIDIFEYDIPFAKRYIilDKGLIPMEGDEELKLLAFDIETLYHEGEEFAK 

GPIIMISYADEEEAKVITWKKIDLPYVEVVSSEREMIKRFIiKVIREKDPDVIITYNGDSFDLPYLVKRAEKIiGIKLP 

LGRDGSEPKMQRLGDMTAVEIKGRIHFDLYHVIRRTINLPTYTIiEAVYEAIFGKPKEKVYAHEIAEAWETGKGLERV 

AKYSMEDAKVTYELGREFFPMEAQLSRLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELAPNKPDEREYERRLRESY 

AGGYVKEPEKGLWEGLVSLDFRSLYPSIIITHNVSPDTLNREGCREYDVAPEVGHKFCKDFPGFIPSLLKRLLDERQ 

EIKRKMKASKDPIEKKMLDYRQRAIKILANSYYGYYGYAKARWYCKECAESVTAWGREYIEFVRKELEEKFG^ 

IDTDGLYATI PGAKPEE IKKKALEFVDYINAKIiPGLLELEYEGFYVRGFFVTKKKYALIDEEGKI ITRGLEI VRRDW 

SEIAKETQAKVLEAIIiKHGNVEEAVKIVKEVTEKIiSKYEIPPEKLVIYEQITRPLHEYKAIGPHVAVAKRLAARGVK 

VRPGMVIGYIVLRGDGPISKRAILAEEFDLRKHKYDAEYYXENQVLPAVIiRILEAFGYRKEDLRWQKTKQTGLTAWL 

NIKKK 

>DEEP VENT V93E 

MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDSQIDEVRKITAERHGKIVRIIDAEKVRKKFLG 

RPIEVWRLYFEHPQDEPAIRDKIREHSAVIDIFEYDIPFAKRYLIDKGLIPMEGDEEIiKLLAFDIETLYHEGEEFAK 

GPIIMISYADEEEAKVITWKKIDLPYVEVVSSEREMIKRFLKVXREKDPDVIITYNGDSFDLPYIjVKRAEKIjGIKLP 

LGRDGSEPKMQRLGDMTAVEIKGRIHFDLYHVIRRTINLPTYTLEAVYEAIFGKPKEKVYAHEIAEAWETGKGLERV 

AKYSMEDAKVTYELGREFFPMEAQLSRLVGQPLWDVSRSSTGNLVEWYLLiRKAYERNELAPNKPDEREYERRLRESY 

AGGYVKEPEKGLWEGLVSLDFRSIiYPSIIITHNVSPDTIiNREGCREYDVAPEVGHKFCKDFPGFIPSLLKRLLDERQ 

EIKRKMKASKDPIEKKMLDYRQRAIKILANSYYGYYGYAKARWYCKECAESVTAWGREYIEFVRKELEEKFGFKV^ 

IDTDGLYATIPGAKPEEIKKKALEFVDYINAKLPGLLEIiEYEGFYVRGFFVTKKKYAIilDEEGKIITRGLEIVRRDW 

SEIAKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSKYEIPPEKIiVIYEQITRPLHEYKAIGPHVAVAKRLAARGVK 

VRPGMVIGYIVLRGDGPISKRAILAEEFDLRKHKYDAEYYIENQVLPAVLRILEAFGYRKEDIjRWQKTKQTGIiTAWIi 

NIKKK 



>TGO V93R 

MILDTDYITEDGKPVXRIFKKENGEFKIDYDRNFEPYIYALLKDDSAIEDVKKITAERHGTTVRVVRAEKVKKKFLG 
RPIEVWKLYFTHPQDRPAIRDKIKEHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKMLAFDIETIiYHEGEEFAE 
GPILMISYADEEGARVITWKNIDLPYVDVVSTEKEMIKRFIiKVVKEKDPDVLITYNGDNFDFAYLKKRSEKLGVKFI 



> 



LGREGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLEAVYEAIFGQPKEKVYAEEIAQAWETGEGLERV 
ARYSMEDAKA^TYELGKEFFPMEAQLSRLVGQSLWDVSRSSTGNLVEWFLLRKAYERNELAPNKPDERELARRRESYA 
GGYVKEPERGIiWENIVYLDFRSLYPSIIITHNVSPDTLNREGCEEYDVAPQVGHKFCKDFPGFIPSIiliGDIiLEERQK 
VKKKMKATIDPIEKKLIiDYRQRAIKILANSFYGYYGYAKARWYCKECAES^^ 

DTDGFFATIPGADAETVKKKAKEFLDYINAKLPGLLELEYEGFYKRGFFVTKKKYAVIDEEDKITTRGLEIW 

EIAKETQARVLEAILKHGDVEEAVRIVKEVTEKLSKYEVPPEKLVIYEQITRDIiKDYKATGPHVAVAKRL^^ 

RPGTVISYIVIiKGSGRIGDRAIPFDEFDPAKHKYDAEYYIENQVLPAVERILRAFGYRKEDLRYQKTRQVGLGAWIjK 
PKT 



MILDTDYITEDGKPVIRIFKKENGEFKIDYDRNFEPYIYALLKDDSAIEDVKKITAERHGTTVRVVRAEKVKKKF 

RPIEWKLYFTHPQDEPAIRDKIK^:HPAVVDIYEYDIPFAK31YLIDKGLIPMEGDEELKMIjAFDIETLYHEGEEFAE 

GPILMISYADEEGARVITWKNIDLPYVDWSTEKEMIKilFLKWKEKDfovLITYNGDNFDFAYIj 

LGREGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLEAVYEAIFGQPKEKVYAEEIAQAWETGEGLERV 

ARYSMEDAKVTYELGKEFFPMEAQLSRLVGQSLWDVSRSSTGinjVEWFLLRKAYTERNELAPNKPDERELA^ 

GGYVKEPERGLWENIVYLDFRSIiYPSIIITHNVSPDTLNREGCEEYDVAPQVGHKFCKDFPGFIPSLLGDLLEERQK 

VKXKMKATIDPIEKKLLDYRQRAIKILANSFYGYYGYAKARWYCKECAESVTAWGRQYIETTIREIEEKFGFKVL^ 

DTDGFFATIPGADAETVKKKAKEFLDYINiUO^PGLLELEYEGFYKI^GFFVTKKK^AVIDEEDKITTRGLEIWRD 

EIAKETQARVIiEAIIiKHGDVEEAVRIVKEVTEKIiSKYEVPPEKLVIYEQITRDLKDYKATGPHVAVAra 

RPGTVISYIVLKGSGRIGDRAIPFDEFDPAKHKYDAEYYIENQVLPAVERILRAFGYRKEDLRYQKTRQVGLGAWLK 
PKT 



MILDTDYITEDGKPVIRIFKKENGEFKIEYDRTFEPYFYALriKDDSAIEEVKXITAERHGTWWKRVEKVQKKFLG 

RPVEWKLYFTHPQDRPAIRDKIREHGAVIDIYEYDIPFAKRYLIDKGLVPMEGDEELKMLAFDIQTLYHEGEEFAE 

GPILMISYADEEGARVITWKNVDIiPYVDWSTEREMIKRFLRWKEKDPDVLITYNGDNFDFAYLK^ 

LGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINIiPTYTLEAVYEAVFGQPKEKVYAEEITPAWETGENLERV 

ARYSMEDAKVTYELGKEFLPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELAPNKPDEKEI^ 

GGYVKEPERGLWENIVYLDFRSIiYPS 1 1 ITHNVSPDTLNREGCKEYDVAPQVGHRFCKDFPGFIPSLLGDLLEERQK 

IKKKMKATIDPIERKLLDYRQRAIKILANSYYGYYGYARARWYCKECAESVTAWGREYITMTIKEIEEKYGFK^ 

DTDGFFATIPGADAEWKKKAMEFLl^INAKliPGALELEYEGFYKRGFFVTKKKYAVIDEEGKITTRGLEIWI^ 

E I AKETQARVLE ALL KDGD VE KAVT^ I VKE VTEKIiS KYE VPPEKL VI HEQ I TRDIiKD YKATGPHVAVAKR 

RPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHKYDAEYYIENQVLPAVERILRAFGYRKEDLRYQKTRQVGLSAWLK 
PKGT 



MILDTDYITEDGKPVIRIFKKI:NGEFKIEYDRTFEPYFYALL2<I)DSAIEEVKKITAERHGTWWKRVEKVQKKFLG 
RPVEWKLYFTHPQDEPAIRDKIREHGAVIDIYEYDIPFAKRYLIDKGLVPMEGDEELKMLAFDIQTLYHEGEEFAE 
GPILMISYADEEGARVITWKNVDLPYVDWSTEREMIKRFLRWKEKDPDVLITYNGDNFDFAYLK^ 

lgrdgsepkiqrmgdrfavevkgrihfdlypvirrtinlptytleavyeavfgqpkekvyaeeitpawetgenlerv 
arysmedakotyelgkeflpmeaqlsrligqslwdvsrsstgnlvewfllrkayernelapmkpdekelarrrqsye 
ggyvkeperglwenivyldfrslypsiiithnvspdtlnregckeydvapqvghrfckdfpgfipsllgdlleerqk 

IKKKMKATIDPIERKLLDYRQRAIKILANSYYGYYGYARARWYCKECAESVTAWGREYITMTIKEIEEK^ 

dtdgffatipgadaetvkkkameflnyinaklpgaleleyegfykrgffvtkkkyavideegkittrgleivrrdws 

eiaketqarvleallkdgdvekavrivkevteklskyevppeklviheqitrdlkdykatgphvavakrl;^ 

rpgtvisyivlkgsgrigdraipfdefdptkhkydaeyyienqvlpaverilrafgyrkedlryqktrqvglsawlk 

PKGT 



>VENT V93R 

MILDTDYITKDGKPIIRIFKKENGEFKIELDPHFQPYIYALLKDDSAIEEIKAIKGERHGKTVRVLDAVKVRKKFLG 
REVEVWKLIFEHPQDRPAMRGKIREHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKLLAFDIETFYHEGDEFGK 
GEIIMISYADEEEARVITWKNIDLPYVDWSNEREMIKRFVQWKEKDPDVIITYNGDNFDLPYLIKRAEKLG^^ 
LGRDKEHPEPKIQRMGDSFAVEIKGRIHFDLFPWRRTINLPTYTLEAVYEAVLGKTKSKLGAEEIAAIWETEESMK 



>TGO V93E 



>KOD V93R 



>KOD V93E 




) 



KliAQYSMEDARATYELGKEFFPMEAEUVKLIGQSWDVSRSSTGNIiVEWYLLRVAYAiyjTEL^ 

TYLGGYVKEPEKGLWENIIYLDFRSLYPSIIVTHWSPDTLEKEGCra^YDVAPIVGYRFCKDFPGFIPSILGDIi 

RQDIKKJCMKSTiDPIEKia^LDYRQRAIKIjLANSYYGYMGYPKARWYSKECAESVTAW 

LYAim)GFYATIPGEKPELIKKKAKEFLNYINSKLPGLLEIjEYEGFYLRGFFVTKKRYAVIDEEGRITra 
DWSEIAKETQAKVLEAILKEGSVEKAVEVVRDWEKIAKYRVPLEKLVIHEQITRDLKDYI^ 

IKVKPGTIISYIVLKGSGKISDRVILLTEYDPRKHKTOPDYYIENQVLPAVLRIIiEAFGYRKEDLRYQSSKQTGLDA 
WLKR 

>VENT V93E 

MILDTDYITKDGKPIIRIFKKENGEFKIELDPHFQPYIYALLKDDSAIEEIKAIKGERHGKTVRVLDAVKVRKI^ 
REVEWKLIFEHPQDEPAMRGKIREHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKLLAFDIETFYHEGDEFGK 

GEIIMISYADEEEARVITWKNIDLPYVDWSNEREMIKRFVQWKSKDPDVIITYNGDNFDLPYLIKR^ 
LGRDKEHPEPKIQRMGDSFAVEIKGRIHFDLFPVVRRTINLPTYTLEA^j^EAVIX3KTKSK^ 

KliAQYSMEDARATYELGKEFFPMEAEIiAKLIGQSWDVSRSSTGNIiVEWYLLRVAYARNELAPNKPDEEEYKRRLR 

TYLGGYVKEPEKGLWENIIYLDFRSLYPSIIVTHNVSPDTLEKEGCKNYDVAPIVGYR 

RQDIKKKMKSTIDPIEKKMLDYRQRAIKLLANSYYGYMGYPKARWYSKECAESVTAWGRHYIEM 

LYADTDGFYATIPGEKPEIilKKKAKEFLNYINSKLPGLLELEYEGFYLRGFFVTKKRYAVIDEEGRITTRGLEWRR 
DWSEIAKETQAKVLEAILKEGSVEKAVEVVRDWEKIAKYRVPLEKLVIHEQITRDLKDYKAIGPH^ 
IKVKPGTIISYIVLKGSGKISDRVILLTEYDPRKHKYDPDYYIENQVIiPAVLRILEAFGYRKEDLRYQSSKQTGLDA 
WliKR 



>JDF-3 V93R 

MILDVDYITENGKPVIRVFKKENGEFRIEYDREFEPYFYALLRDDSAIEEIKKITAERHGRWKVK3U\EK^ 

S VEVWVLYFTHPQDRP AIRDKIRKHPAVID I YE YD I PFAKRYL IDKGL I PMEGEEELKLMS F@I@TIiYHEGEEFGTGP 

ILMISYADESEARVITWKKIDLPYVEWSTEKEMIKRFLRVVKEKDPDVLITYNGDNFDFAYLKK^ 

DGSEPKIQRMGDRFAVEVKGRVHFDLYPVIRRTINLPTYTLEAVYEAVFGK^KEKVYAEEIATAWETGEGLERV^ 

MEDARVTYELGREFFPMEAQLSRLIGQGLWDVSRSSTGl^VEWFIiLRKAYERNELAPNKPDERELARRRGGYA^^ 

EPERGLWDNIVYLDFRSIiYgsiIITHNVSPDTLNREGCRSYDVAPEVGHKFCKDFPGFIPSLLGNLIiEERQKIKRKM 

ATLDPLEKNLIJDYRQRglKILANSYYGYYGYARARWYCRECAESVTAWGREYIElWIRELEEKFGFKVIiYAD 

TIPGADAETVTCKKAMEFLNYINPKLPGLLELEYEGFYVRGFFVTKXKYAVIDEEGKITTRGLEIVRI^ 

RVLEAILRHGDVEEAVRIVREVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKI^LAARGVKIRPGTV 

VLKGSGRIGDRAIPFDEFDPTKHKYDADYYIENQVLPAVERILRAFGYRKEDLRYQKTRQVGLGAWLKPKGKKK 

>JDF-3 V93E 

MILDVDYITENGKPVIRVFKKENGEFRIEYDREFEPYFYALLRDDSAIEEIKKITAERHGRWK^KI^AE^K^ 

SVEVWVLYFTHPQDEPAIRDKIRKHPAVIDIYEYDIPFAKRYLIDKGIilPMEGEEELKLMSFQigTIiYHEGEEFGTGP 

ILMISYADESEARVITWKKIDLPYVEWSTEKEMIKRFLRWKEKDPDVIilTYNGDNFDFAYLKKRCE^ 

DGSEPKIQRMGDRFAVEVKGRVHFDLYPVIRRTINLPTYTLEAVYEAVFGKPKEKVYAEEIATAWETGEGLERVARYS 

MEDARVTYELGREFFPMEAQLSRLIGQGLWDVSRSSTGNIiVEWFDLRKAYERNEIiAPNKPDERELARRRGGYAGG 

EPERGLWDNIVYLDFRSLYgsiIITHNVSPDTLNREGCRSYDVAPEVGHKFCKDFPGFIPSLLGNLLEERQKIKRKMK 

ATLDPLEKNLLDYRQRglKILJJUSFSYYGYYGYARARWYCRECAESVTAWGREYIEMVIREIiEEKFGFK^ 

TIPGADAETVKKKAMEFLNYINPKLPGLLELEYEGFYWGFFVTKKKYAVIDEEGKITTRGLEIVRRDWSEIA^ 

RVLEAILRHGDVEEAVRIVREVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARGVKIRPGTVISYI 

VIiKGSGRIGDRAIPFDEFDPTKHKYDADYYIENQVLPAVERILRAFGYRKEDLRYQKTRQVGL.GAWLKPKGKKK 




) 



. iH- 1 



6* Ate CTC QK£ ACA. SAC 7AC ATA ACS G2^B GAT Wfk MS CCC OTC AXC 49 

TAC VAfi GAG C7£A TCT CT6 ATG tXT SGA CTC OSA CCT CCC QVC XA/? 4a 

f • . . - ■ '* 

ACS ATC !rTC AAS PJPJS 0^9 AAC 0GC GAjQ TSC'-APC ASA Oic SAC GAC ACA 9S 

TCC TAI3 AAfir TXG ZXC CXC 379 CCG CTC AA^ TCG CAS CCG AfC6 CTCTCT - 9CS 

R I F K K E K G B F T X D ^Y » R 3? ? 

• ■ 

AAC TTT CCA TAC ATC TAC C5CQ CTC TTG AAS C»C CAC TCT CCG ATT 1^4 

TTC; AAA CTC OCT AXO VfNw AT9 C€C GAS AAC TTC CTC CTG ABA CCC TAA 14< - 

M r B 1? T X Y -A !• L K A O 'ff * F X 49 

OAS 45AC GTC AAG AAS ATA ACT GCC GAG AGO CAC CCC ACT ACC CTT AGG X^l 
CTC CTG CAS TTC TTC ^SAT 7GA CSG CTC TCC GTC CCC VGA TGG CAA TGC X»2 
ESVRKI^TAERHGT TV R $4 

GTX GTC AGS GCC GAG AAA GTG AAG AAG AAG TTC CTA GGC ACC CCG ATA 249 
CAA CRG TCC CGG CTC TTT'CAC 'TTC TTC TTC AAG GAT CCG TCC GGC TAT 240 
VVRAB|CVKKKFI,Cll» .X BO 

GAG GTC TGG AAG CTC TAC TTC ACT CAC CCC CAG GPJZNN^CCO GCA ATC 269 
CTC CAS ACC TTC GAS ATG AAG TGA GfG GTC CTG GCG CGT TA5 29€ 

BVW KJ- VFT HP Q D fiAI 96 



do t3 U(JU = /kJ^ft, ft6<S, ff6-A, C6tL., fi&S, fl^r Ce.) 



AG& GAC 3CCA. AM €AC CW OCT 6« GTT OTG «AP WC tUC «C 336 



TCC CTG XTC TM TTC CTC GlA G€A. CG© CPA CAC CTC TM Atd CTC 836 
BDICX KBKFA VVDXVE!fll2 

fiAC AXC COC TTC GCC AAJ5 PBC SAC GTCC JVO\ GAC JWV GQC KA. AXC CCG 384 

CTG TAQ AAC CGC TTC GCQ ?C7<> fSAS SAT CTG TXT CC(3 AAT TAC GGC 384 

• 

iVXa GCC GAC GAG G^X CTT AAB AXG CTC GCC TtC C?^ JVSC G7\G ACG 432 

TOkiZ CTC CCG CTG CTC CTT OAlk «TC TAG GAS CG<? APuC Ct6 TAfi CTC TGC 432 

KE C DE B ^ R M X ST 144 

■ 

CTC TAT CAC GAG CGC 6A& GAG TTC GCC GAA GGG CCT ATC CTG ATG ATA 489 

GAG ATA GT« CTC CCS CCC CTC AAC CGG CTT CCC GGA SAG GAC TAG TAT 480 

j^VKEG&BFAEGeZZrMl XSQ 

AGC TAC GCC GAC GAS GAA GGC CCG CGC OTT ATT ACC TGG AAG AAT ATC 538 

TCG ATG CGG CTG CTC CTT CCC CGC CCG CAA TAA TGG ACC TTC TTA TAJI? &28 

SYAD^SGAAVXTHKWX 176 

GAC CTT CCC TAT GTC GAC 6TC GIT**CC ACC GAG AAG CW3 ^Offi ATA AAG . 57S 

CT8 GAA GGG ATA CAG CTG CAG CAA AGG TGG CTC TTC CTC TAC TAT TTC 576 
DI. FYVDV VST EKEMIK 

CGC TTC CTC AAG GTC GXC AAG CAA AAG GAT CCC GAC GTC CTC ATA ATC 624 

GCG AAG CAGT TTC CAG CAG TTC CT^ CIA GGG PTG CAG GAG tf^ £24 

■ 




TAC G6C eAC MjC TTC GAC TXO GCC 1:AC CtC i^AG f<AG CGC XCC GAS $72 

Aia TXG CCG CTW CTQ *AG CTS AAG- OTCf Arc TTC TXC CCS ACS CTC 672 

ePK FD F AYLKKft fi. E 224 

AA& CTC 6GA QXC: STTC AtC CTC GGK ASQ CM. eC€ ACC QAA CCG AAA 720 

TTC GAG XXrs CfVr TTC AAO TAG GPJ^ CCT TCC CTT CCC TCG CM BGC ?r^n? 720 
K I. C VX r I U S RB C S;^B E K Z40 

Aire CAS CCC ATQ GCC GKT CGC T» GCG GTG GAG GTC AAS 6GA AGS ATT 706 
TM GZC GC<9 I'AC CCG CT7W GCG AAA CGC CAS CTC CA9 17C CCV 7CC 708 
X e G. p A F A VEVK C R I ZS6 

CAC TTC mC CTC ICAC CCC GTC AtT AM ASA ACG ATT AAC CtC CCC ACT &1C 
cn:G aAG CTG gag ATG GGG CAG TAA TGC !PCT XGC TAA tog G^VC GQC tSA 81€ 
HF3>i;5f. »V l AATXKtPT 272 

TAC ACC CTT GA^ CCA BTA XAT CAA GCC ATC TTT CSA CAS CCC AAG GAG 864 
ATG TGG GAA CTC CCT CAT ATA CTX CGG TflJS AAA CCT GTC GGC TXC CTC BG< 
rxLEAVYEAI FCQS. KBZflS 

.AAG GTC tAC GCT. CAG GAG ATA.GOG CAG GCC TSG GAA ACG QQG CAjS QGH. BIZ 
TTC CA6 ATG CQA CTC CTC XiCr CGC GTC CGG ACC CTT TtGC CCG CTC CCT .SI2 
KYVABEa AOAWET GS G304 

TTA GAA ASG <5TG CCC CCC tAC TCG ATS GAG GAC GCG pJ\G CTA ACg TAT 960 
AASC CTP TCC CAO CCC GCG ATG AGC TAC CtC GTG CGC TTC CAT TCG A2A dgQ 



.) ) 

I, 

GM. CTC GGA. AAA <^ T7C TXC CCS AZO CPA, CCC CAG CTC XCG CGC CTC lOQS 

CtT GA.G CCTT TXT CTC AAG MKG CCA 7AC C77T CTC CM AfiC COG OftS iQQa 

I 

B X. O K s' ^ F F KE A Q I. S R I. 336 

■ • 

• • • 

GTA GGC CAG AGC CTC VOG GAT GXA TCT CGC TCG AGT AOC CGA AAC CCC 203$ 

CAT CCG '6TC TCG GAG ACC CTA G7V.T AfiA GCG AGC 7CA CCT TTS ' GAG 1050 

VGQSI.WDVSRSGTGNI, 352 

GTC GAG TGO TXT TTG CTG AGG AAS GCC ttC GAG AGC AA3f GAA CTT^GCtA. 2.104 

CAG CTC ACC AAA AAC CRC !tCC TIC GG6 ATG CTC TCC T3S^ CTT GAA CGT. 1Z04 

V£«r i.Z«RlCAy2KHEI. A 368 

CCA AAC AAA CCG WC GAG AGG GAG CTG GCA AGA AGA AGG GAG A6C lAC 11S2 

<yST OTG TTC GGC CTG CTC TCC CTC GAG CGT TCT TCT SCC CTC rcc ATG 1152 

GCG GGT GGA 7AC GTC AAG GAG CCC OAA AGG GGA CTG TGS GAS AAC ATC .XZQO 

CGC CCA CCT ATG CAS TTC CXC GGG GTT TCC CCT GAC ACC CTC TTG TAG 12D0 

^ cyvKEPJBRGLWBKX 400 

CTG TAT CTG CAjC TTC CGC TCC CTG TAT CCT TCG ATA ATA ATC ACC CAT 1248 

• ■ •. ... . • 

CAC AXA GACr CTG AA6 GCG' AGG GiAC ATA GGA* AGC TAT TAT TGG GTA 1248 

AAC GTC TCC CCT GOT ACA CTC AAC AGG GAG GGX TGT GAG GAG TAC GAd 1296 

TT<5 CAG AGG GGA CEA TGT GAG TTC TCC CTC CCA ACA CTG CTC ATG CTG 1296 

KV a Bp T r^M REGC B B V P 432 



) 



fig. IS'- 5" 

<3TG GCH OCT CMS CTA 6GC CTO! iUVG TTC XGC M.Q OAC TTC'CCC GGC TTC 1344 

CMS CGA. GOA GTC CKC CCG CTA. KC J\A0 ACQ TTC CTS MlB €G6 CCC 1344 

VAPQVGKK FCKO r &CF 448 

ATC CQA, ABC CTC CTC GOA CS^VC CTC TtG GAS AtU^ CM AKG fiSA AM 13d2 

rPA fiOf TCG GAS GAS CCT CT9 G^6 CTC CTC TCT 6XC T^C CKZ ZTC X3d2 

. J • ...... 

JAG AA6 ATC AAQ GCC ACX ATA CUKC CCA ATC GPJS AAP AAA. CTC CTC fSM 1440 

RG TTC VAC TTC CG(S TGA TAT CTG tsQT TAS CTC TTC TTT GAS GAS CCA . 3.440 

KXKKATZO BZ SKKX-r C 4Ea 

TAC AQ€ CAA CGA CCA A:rc AAA A:rC CTT CCr AAT AGC TTC TAC TAC 1488 

■ 

AXG TCC CSTT OCT COfT TAO XTt TAG GAA CqK TTA XCG AAG AXG CCA AT$ 14SB 

y A q'aa x 'k I £. 'a k a r y c.y; 496 

OCAC GGC TAX ACA AAG GCC CGC TGO TAC TAC AAG GAG XGC GCC GAS AGC 153S 

XTG CCG ATA TGT TTC CGG GCG ACC Atg ATO TTC CTC ACQ CCG CtC TCG 1536 

y G y t k a r if.Y X K 5 c a e s sxz 

GTT ACC GGT TCG GCC ASQ GAG TAC T^C GAG ACC ACG AXA AGG GAA AXA 1584 

CftA TGG CC3^ ACC CCG TCC tTC ATG TAG CTC TGG TCC TAf TCC CTT TAT 1584 

VT GWS REY l B T TI Rfi3 526 

« 

GAG GAG AAA TTT GGC XTT AAJV GTC CTC TAC GCG GAG ACA GAT GGA TTT 1032 

CTC CTC TTT AAA CCQ AAA TTT CAS GAG ATG CGC CTG TGT CTA COT AAA 1632 

E&KFGr KV2iVADTf>Ge' 544 

TTC GCA ACA ASA CCT G^ GOG GNC GCC GAA ACC GTC AAA AAG AAA CCA 168Q 

AAG CGT TGT TAT GGA CCT CGC CTG CGB CTT TGG CAS TTT VCC TTC CGT 1680 

PATXFGADASTVKICXA 560 



) ■ ■ ) 

AAS GAS TXC CTG TRJC ATC JUIC CCC AAA. CTC CCC G^C CXG CXC GM 1728 

tXC CTC AM GM CJJG A3CC TftO TTG CCC ITT GAC CGC CCCr W: CAG Ctt 1728 
K B F X- D Y X K A K i P G I* L E 576 

« 

CTC GAA TAC GAG COC TTC ITAC AAG CGC CGC CTC CTC CXlS ACd AAfi AA6 177ff 
GAS CTT ATG CTC CCG WwC ATG TTC GCC CCG W\C AAG CAC TCC TTC TTC 177S 
LBYECrYKRCrrv.TKKSSZ 

AAG TAC G0<; ^USV GAG GAS GAS GAC AA6 AXA ACG ACG CGC GOC CTT lfi24 

TTC ATG CGC CAA. TA7 CTG CTC CTC CTG XTC TAT T6C TGC CCG COC 6AA 
K y .A V 1 D E B D X \ T T A Gf Ir 608 

GAA ATA GTT AGG CGT GAC TGG AGC GSVG ATA CCG AAG GAG ACd CJuSi Gcd 1872 
c£T VAT CAA TCC GCA CTG ACC TCS CZC TAT CGC TTC CTC TGC GTC CGC 1872 
EIVRFLD W^EZAXC CTQA 624 

J\GG «fT CT7 GAG GCG ATA CTA ^lAG CTU; GGT GAG GTT 6AA GAA GCG GTA 1920 
TCC CAA GAA CTC CGC TAT GAT TTC GTG CCA CXG CAA, cTT CTT CGC CAT 1929 
RVIi EAXX^KKGOV&EAV 640 

' AGG ATT GTC AAA CAfi CTT ACG GAG- AAG .CTG AGC AAG TAG GA|G. BTT CCA 1960 
TCC TAh. CAG TTX CTC CAA TGC CTC TTC GAC ICQ TTC ATG CTC CAA G^GT l$6a 
RI VKEVT ElCL$Kr EV & 6S6. 

oca CSAiS AaG OC9 GTC ATC TAC GA)G CAG ATA ACC CGC GAC CT6 AAS SAC 2016 
esc CTC TTC GAC CAX3 ATG CTC GTC TAT TGG GCG CTG GAC TTC CTG 2016 

TEKX^Vl^EgXrilDL KD 672 



3o) 



TAC AAS GCC ACO GGG CCG CAST GTQ <3C7 GST CCA AAA. CGC CTC CUC GCA 2€S4 
M€ XTQ CGC; TC^ CCC CSC GXA CAO C6A. CAA CGT T7T CCS GA^ CGG COT 2064 
V K A T C F K V A VA K R I.A A GSB * 



ACQ AttA AAA AXP C« CCC ^CA ACG GTC AT?l AiBC TSAC ATC GrC CTC 2112 

■CCC GCC TKT TTT TAX^ CCC G€G CCflT TGC CAG TAT VCG A7G TAj& CAC OAfi 2112 
A9ZKZ RPQ'r VieY EVli104 

' . r.j.. .... 



AAA GGC VCG GGA AS6 ATX GGG gAC ACG 6CT AXA CCC TTX GAC DAA tXT 2160 

TT^ CCQ AfiC CCX TCO 9AA CCC CTG TGC CCA tAT G6G AAA.CT« CTT AAA 2160 

KOSt?i^XGDKAXF7DEt 72C 

6AC CC9 CCA AAG CAC AAA XAC GAX (?CK CAA TAC TAC ATC GAC AAC CA<^ 2208 

CTG CGT TTC GTG TttC ATG CTA CGT CTT ATG ATC ^AS CTC CTC G«C 2208 . 

O PAKK DAB Vy I ENflf 73« 

CTT CTT <?rA GCr GTG »jS AGG ATT CTG AGG GCC TTt 6GT XAC CGT AAA 2256 

CA^ GAA CCT CGA CAC CTC TCC TAA GAG TCC CGG AAA. CCA. Ala CCA TTT 225€ 

VLPAVERtLRArCTRK 7S2 

GAA GKt T£A iVGG' TA.X GAG AAA ACG C<^ CAG GrtT GGC T^G -GGC CCG TCfG . 2304 

CTT CTA AAT TCC ATA CTC TTT TCC cqc GTC CAA. CCC AAC CC£: CGC ACC, 2304. 

EtolfRTQKTROVGIiGAW 76.8 

CTA AAA CCSr AAG ACA "CGA . 2322 

GAS TTT GGA TTC TGT ACf 2322 

1, K 5 K T * 773 
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V93M V93W V93K 



V93R 



V93Y wtPfii 



dUTP: 



-f- 






+ 




500bp lacZ 



Results: Pfu V93K and V93R mutants show significantly improved dUTP incorporation 
compared to wild type Pfu. In contrast, the Pfu V93 W, V93 Y, and V93M mutants show 
little-to-no improvement in dUTP incorporation. 



Figure 15 A 



V93D 
dUTP: + - 



YitPfu V93R 



+ 




500bp lacZ 



Results: The Pfu V93D and V93R mutants show significantly improved dUTP incorporation 
compared to wild type Pfu. 



Figure 15B 



55 1 
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I 



vnPful wtP/u2 V93G (.5^1) V93G (2 fil) V93N (.5^1) V93N (2 ^il) 




500bp 
lacZ 



Results: The Pfu V93N mutant shows a very small improvement in dUTP incorporation 
compared to wild type i^w. In contrast, the Pfu V93G mutant shows little-to-no improvement. 



Figure 15C 



2>H Ji'S^ 



Figure 16: Polymerase activity and Temperature optimum of Pfu N terminal truncation mutants 
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Synthetic Sso7d gene 

GCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGACATCTCCAA 
GATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTACGACGAGGG 
CGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAGGACGCGCCGAAGGAGC 
TGCTGCAGATGCTGGAGAAG 
CAGAAAAAG 



The amino acid sequence of Sso7d. 

ATVEJfKYKGEEKEVDISKlKKVWRVGKMISFTYDEGGGKTGRGAVSEKDAPKELLQ 
MLEKQKK 

The DNA sequence encoding the Sso7d-ATaq fusion protein 

ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 

GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 

TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 

GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGGGCGGCGG 

TGTCACTAGTCCCAAGGCcCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCC 

TTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCT 

GGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCT 

CAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGC 

CCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTAC 

CTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGG 

GAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCC 

AACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAG 

GTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGC 

CTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGGCC 

GCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCCG 

GGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAA 

GACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCG 

CGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCT 

GAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCG 

CCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTC 




cgatcccaacctcgagaacatccccgtccgcaccccgcttgggcagaggatccgc 
cgggccttcatcgccgaggaggggtggctattggtggccctggactatagccag 
atagagctcagggtgctggcccacctctccggcgacgagaacctgatccgggtct 
tccaggaggggcgggacatccacacggagaccgccagctggatgttcggcgtcc 

5 cccgggaggccgtggaccccctgatgcgccgggcggccaagaccatcaacttcg 
gggtcctctacggcatgtcggcccaccgcctctcccaggagctagccatccctta 
cgaggaggcccaggcctrcattgagcgctagtttcagagcttccccaaggtgcgg 
gcctggattgagaagaccctggaggagggcaggX^ggcgggggtacgtggagac 
cctcttcggccgccgccgctacgtgccagacctagaggcccgggtgaagagcgt 

10 gcgggaggcggccgagcgcatggccttcaacatgcccgtccagggcaccgccgc 
cgacctcatgaagctggctatggtgaagctcttccccaggctggaggaaatggg 
ggccaggatgctccttcaggtccacgacgagctggtcctcgaggccccaaaaga 
gagggcggaggccgtggcccggctggccaaggaggtcatggagggggtgtatcc 
cctggccgtgcccctgoaggtggaggtggggataggggaqgactggcrctccgc 

15 caaggagggcattgatggccgcggcggaggcgggcatcatcatcatcatcatta 

A 

The amino acid sequence of Sso7d-ATaq fusion protein 

MITNSSATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEK^ 
20 PKELLQMLEKQKKGGGVTSPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLALAA 
ARGGRVHRAPEPYECALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLIA^ 
SNTTPEGVAMIYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLS 
AVLAHMEATGVIU^DVAYLRALSLEVAEEIARLEAEWRLAGHPFNLNSRDQLERVLF 
DELGLPAIGKTEKTGKRSTSAAyLEALREAHPIVEKILQYRELTKI.KSTYroPLPDLIH 
25 PRTGRLHTRFNQTATATGRLS SSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVALDYS 
QffiLRVLAHLSGDENLIRWQEGRDIHTETASWMFGWREAVDPIJVlRRAAKTI^ 
LYGMSAHRLSQELAIPYEEAQAFffiRYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRR 
RYWDLEARVKSVREAAERMAFNMPVQGTAADLNIKLAMVKLFPRLEEMGAR^ 
QVHDELVLEAPBCERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKEGIDGR 
30 GGGGHHHHHH 

The DNA sequence encoding the Sso7d-Taq fusion protein 
ATGATTACGAATTCGAGCGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAA 



GAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCC 

TTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAG 

GACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGGGCGGCGG 

TGTCACTAGTGGGATGCTGCCCCrCnriTGAGCCCAAGGGCCGGGTCCrCCTGGTG 

GACGGCCACCACCTGGCCTACCGCACCTTCCACGCCCTGAAGGGCCTCACCACCA 

GCCGGGGGGAGCCGGTGCAGGCGQTCTACGGCTTCGCCAAGAGCCTCCTCAAGG 

CCCTCAAGGAGGACGQGGACGCGOTGATCGTGGTCTTTGACGCCAAGGCCCCCT 

ccttccgccacgaggcctacggggggtacaaggc(jK]K]k::cgggccc^ 

AGGACTTTCCCCGGCAACTCGCCCTCATCAAGGAGCTGOTGGACCTCCTGGGGCT 

ggcgcgcctcgaggtcccgggctacgaggcggacgacgtcctggccagcctggc 

CAAGAAGGCGGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCGACAAAG 

acctttaccagctcctttccgaccgcatccacgtcctccaccccgaggggtacct 

catcaccccggcctggctttgggaaaagtacggcctgaggcccgaccagtgggc 

cgactaccgggccctgaccggggacgagtccgacaaccttcccggggtcaaggg 

catcggggagaagacggcgaggaagcttctggaggagtgggggagcctggaag 

ccctcctcaagaacctggaccggctgaagcccgccatccgggagaagatcctgg 

cccacatggacgatctgaagctctcctgggacctggccaaggtgcgcaccgacct 

gcccctggaggtggacttcgccaaaaggcgggagcccgaccgggagaggcttag 

ggcctttctggagaggcttgagtttggcagcctcctccacgagttcggccttctg 

GAAAGCCCCAAGGCcCTGGAGGAGGCCCXCTGGCCCCCGCCGGAAGGGGCCTTC 

GTGGGCTTTGTGCTITCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGG 

CCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCrCA 

GGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCC 

TGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCT 

CCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGA 

GTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAA 

CCTGTGGGGGAGGCITGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGT 

GGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGCCT 

GGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCG 

CCrCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCCGG 

GACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAAG 

ACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGC 

GAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTG 

AAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCC 





TCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCG 
ATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCQ 
GGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAGCCAGAT 
AGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTC 
5 CAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCC 
CGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGG 
GTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCTTACG 
AGGAGGCCCAGGCCTTCATTGAGCGCrACirrCAG^GCTTCCCCAAGGTGCGGGC 
CTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCC 

10 TCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGC 
GGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCG 
ACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGG 
CCAGGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGA 
GGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGTGTATCCCC 

1 5 TGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCA 
AGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCATCATTAA 



MITNSSATVKFKYKGEEKEVDISKIKKVWRVGKMISFrYDEGGGKTGRGAVSEKDA 
20 PKELLQMLEKQKKGGGVTSGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGE 
PVQAVYGFAKSLLKALKEDGDAVIWFDAKAPSFRHEAYGGYKAGRAPTPEDFPRQ 
LALIKELVDLLGLARLEWGYEADDVI^SLAKKAEKEGYEVRILTADKDLYQIXS 
IH\^HPEGYLITPAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTAIIKLL 
EEWGSLEALLK1«.DRLKPAIREKILAHMDDLKLSWDLAK\TRTDLPLEVDFAK^ 
25 DRERIJIAFLERLEFGSLUIEFGIXESPKALEEAPWPPPEGAFVGFVLSRKEPMWADL 
lALAAARGGRVHRAPEPYKALRDLKEARGIXAKDLSVI^REGLGIJ^^ 
YLLDPSNITPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREV 
ERPI^AVLAHMEATG\^DVAYLRALSIJEVAEEIARLEAEWRLAGHPFNLNSRDQL 
ERVLFDELGLPMGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPL 
30 PDLIHPRTGRIJHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVA 
IJ5YSQffiLRVIJy^LSGDE^n.IRWQEGRDmTETASWMFGWREAVDPLMRRAAKTI 
NFGVLYGMSAHRLSQELAIPYEEAQAFffiRYFQSFPKVRAWffiKTLEEGRRRGYVETL 
FGRRRYWDLEARVKSVREAAERMAFNMPVQGTAADLMKLAJM^^ 



The amino acid sequence of Sso7d-Taq fusion protein. 




RMIXQVHDELVLEAPKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE 
GIDGRGGGGHHHHHH 



5 ATGATTTTAGATGTGGATTACATAACTGAAGAAGGAAAACCTGTTATTAGGCTAT 
TCAAAAAAGAGAACGGAAAATTTAAGATAGAGCATGATAGAACTTTTAGACCAT 
ACATTTACGCrCTTCTCAGGGATGATTCAAAGATTGAAGAAGTTAAGAAAATAAC 



GGGGGAAAGGCATGGAAAGATTGTGAGAATTGTtGATGTAGAGAAGGTTGAGAA 
AAAGTTTCTCGGCAAGCCTATTACCGTGTGGAAACTTTATTTGGAACATCCCCAA 

10 GATGTTCCCACTATTAGAGAAAAAGTTAGAGAACATCCAGCAGTTGTGGACATCT 
TCGAATACGATATTCCATTTGCAAAGAGATACCTCATCGACAAAGGCCTAATACC 
AATGGAGGGGGAAGAAGAGCTAAAGATTCTTGCCTtCGATATAGAAACCCTCTA 
TCACGAAGGAGAAGAGTTTGGAAAAGGCCCAATTATAATGATTAGTTATGCAGA 
TGAAAATGAAGCAAAGGTGATTACrrGGAAAAACATAGATCTTCCATACGTTGA 

15 GGTTGTATCAAGCGAGAGAGAGATGATAAAGAGATTTCTCAGGATTATCAGGGA 
GAAGGATCCTGACATTATAGTTACTTATAATGGAGACTCATTCGACTTCCCATAT 
TTAGCGAAAAGGGCAGAAAAACnTGGGATTAAATTAACCATTGGAAGAGATGGA 
AGCGAGCCCAAGATGCAGAGAATAGGCGATATGACGGGTGTAGAAGTCAAGGG 
AAGAATACATTTCGACTTGTATCATGTAATAACAAGGACAATAAATCTCCCAACA 

20 TACACACrAGAGGCTGTATATGAAGCAATTTTTGGAAAGCCAAAGGAGAAGGTA 
TACGCCGACGAGATAGCAAAAGGCTGGGAAAGTGGAGAGAACCTTGAGAGAGTT 
GCCAAATACTCGATGGAAGATGCAAAGGCAACTTATGAACTCGGGAAAGAATTC 
CTTCCAATGGAAATTCAGCTTTCAAGATTAGTTGGACAACCTTTATGGGATGTTT 
CAAGGTCAAGCACAGGGAACCTTGTAGAGTGGTTCTTACTTAGGAAAGCCTACG 

25 AAAGAAACGAAGTAGCTCCAAACAAGCCAAGTGAAGAGGAGTATCAAAGAAGG 
CTCAGGGAGAGCTACACAGGTGGATTCGTTAAAGAGCCAGAAAAGGGGTTGTGG 
GAAAACATAGTATACCrAGATTTTAGAGCCCTATATCCCTCGATTATAATTACCC 
ACAATGTTTeTCCCGATACTCTAAATCTTGAGGGATGCAAGAACTATGATATCGC 
TCCTCAAGTAGGCCACAAGTTCTGCAAGGACATCCCTGGTTTTATACCAAGTCTC 

30 TTGGGACATTTGTTAGAGGAAAGACAAAAGATTAAGACAAAAATGAAGGAAACT 
•CAAGATCCTATAGAAAAAATACTCCTTGACTATAGACAAAAAGCGATAAAACTC 
TTAGCAAATTCTTTCTACGGATATTATGGCTATGCAAAAGCAAGATGGTACTGTA 
AGGAGTGTGCTGAGAGCGTTACTGCCTGGGGAAGAAAGTACATCGAGTTAGTAT 
GGAAGGAGCTCGAAQAAAAGTTTGGATTTAAAGTCCTCTACATTGACACTGATG 



The DNA sequence encoding the Pfu-Sso7d fusion protein 




GTCTCTATGCAACTATCCCAGGAGGAGAAAGTGAGGAAATAAAGAAAAAGGCTC 
TAGAATTTGTAAAATACATAAATTCAAAGCTCCCTGGACTGCTAGAGeTTGAATA 
TGAAGGGTTTTATAAGAGGGGATTCTTCGTTACGAAGAAGAGGTATGCAGTAAT 
AGATGAAGAAGGAAAAGTCATTACTCGTGGTTTAGAGATAGTTAGGAGAGATTG 
5 GAGTGAAATTGCAAAAGAAACTCAAGCTAGAGTTTTGGAGACAATACTAAAACA 
CGGAGATGTTGAAGAAGCTGTGAGAATAGTAAAAGAAGTAATACAAAAGCTTGC 
CAATTATGAAATTCCACCAGAGAAGCTCGCAATATATGAGCAGATAACAAGACC 
ATTACATGAGTATAAGGCGATAGGTCCTCACGTAGCTGTTGCAAAGAAACTAGCT 



GCTAAAGGAGTTAAAATAAAGCCAGGAATGGTAATTGGATACATAGTACTTAGA 
10 GGCGATGGTCCAATTAGCAATAGGGCAATTCTAGCTGAGGAATACGATCCCAAA 
AAGCACAAGTATGACGCAGAATATTACATTGAGAACCAGGTTCTTCCAGCGGTA 
CTTAGGATATTGGAGGGATTTGGATACAGAAAGGAAGACCTCAGATACCAAAAG 
ACAAGACAAGTCGGCCTAACITCCTGGCITAACATTAAAAAATCCGGTACCGGC 
GGTGGCGGTGCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGA 
15 CATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTAC 
GACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAGGACGCGCC 
GAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGTGA 



20 MILDVDYITEEGKPVIRIJ'KKENGKEKffiHDRTFIU>YIYALLRDDSKIEEV^ 
GKIVRIVDVEKVEKKFLGKPITVn\^YLEHPQDVPTIREKVREHPAV^ 
KRYLroKGUPMEGEEELKILAFDffiTLYHEGEEFGKGPIIMISYApENEAKVITWKl^ 
IJ'YVEWSSEREMEKJUTJOIREKDPDirVTYNGDSFDl^ 
EPKMQIUGDMTAVEVKGRIHFDLYHVITRTINIJPTYTLEAVY 

25 AKAWESGENLERVAKYSMEDAKATYELGKEFLPMEIQLSRLVGQPLWDVSRSSTGN 
LVEWFLLRKAYEKNnEVAPNKPSEEEYQJRRLRESYTGGFVKEPEKGLWENI^^ 
ALYPSmTHNVSPDTLNLEGCKbm)IAPQVGHK3r(aaDIPGFIPSLLGHLIJEERQK^ 
MKETQDPIEKILLDYRQKAIKLLANSFYGYYGYAKARWYCKECAESVTAWGRKYIE 
LVWKELEEKFGFKVLYmTDGLYATIPGGESEEIKKKALEFVKYINSKLPGLLELEYE 

30 GFYKRGFFVIKKRYAVIDEEGKVnRGLEIVRRDWSEIAKETQARVLETn-KHGDVE 
AVRIVKEVIQKLANYEIPPEKLAIYEQITRPIJEIEYKAIGPHVAVAKKI^^^ 
MVIGYIVLRGDGPISISIRAIIJ^EYDPKKHKYDAEYYIENQVLPAVLRILEGFGYRK^ 
LRYQKTRQVGLTSWLMKKSGTGGGGATVKFKYKGEEKEVDISKIKKVWRVGKJN^ 
FTYDEGGGKTGRGAVSEKDAPKELLQMLEKQKK 



the amino acid sequence of tlie Pfu-Sso7d fusion protein 




The DNA sequence encoding the Sac7d-ATaq fusion protein 



ATGATTACGAATTCGACGGTGAAGGTAAAGTTCAAGTATAAGGGTGAAGAGAAA 
GAAGTAGACACTTCAAAGATAAAGAAGGTTTGGAGAGTAGGCAAAATGGTGTCC 
5 TTTACCTATGACGACAATGGTAAOACAGGTAGAGGAGCTGTAAGCGAGAAAGAT 
GCTCCAAAAGAATTATTAGACATGTTAGCAAGAGCAGAAAGAGAGAAGAAAGG 
CGGCGGTGTCACTAGTCCCAAQGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGA 
AGGGGCCTTCGTGGGCTTTOTGCTITCCCGCAAGGiGCCCATGTGGGCCGATCTT 
CTGGCCCTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTAT 

10 AAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGC 
GTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCC 
TCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTA 
CGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGC 
TCTTCGCCAACCTGTGGGGGAGGCrrGAGGGGGAGGAGAGGCTCCTTTGGCnTTA 

15 CCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGG 
GGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGA 
GATCGCCCGCCrCGAGGCCGGGTCTTCCGCCTGGCCGGCCACCCCrTCAACCTCA 
ACTCCCGGGACCAQCTCK3AAAGGGTCCT(nTTGACGAGCTAGGGCTTCCCGCCAT 
CGGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGC 

20 CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC 
CAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACGTCATCCACCCCAGGACG 
GGC(X5CCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGT 
AGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGA 
TCCGeCGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAG 

25 CCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCG 
GGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACXGCCAGCTGGATGTTCGG 
CQTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAA 
CTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGQAGCTAGCCATC 
CCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGG 

30 TGGGGGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTG 
GAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAG 
AGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACC 
GCCGCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAA 




ATGGGGGCCAGGATGCrCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCA 
AAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGT 
GTATGCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCT 
CTCCGGCAAGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATCATCATCA 

5 TCATTAA 

The amino acid sequence of the Sac7d-ATaq fusion protein 

mitnstvkvkfkykgeebcevdtskikkvwrvgkmV^sfiyddngk^ 
pkelldmlaraerekkgggvtspkaleeapwpppegafvgfs/lsrkepmwa^ 

10 aaarggrvhrapepykalrdlkeargllakdlsvlaliueglglppgddpmllayll 
dpsimpegvailryggewteeageraai^erijanlwgrlegeerllwlyreverp 
lsavlahnffiatgvwjdvaylralslevaeeiarleaevfrlaghpfh^ 
ijdelglpaigktektgkrstsaavlealreahpivekilqyreltkijkst^ 
hprtgrlhtrfnqtatatgklsssdpnlqnipvrtplgqriril^^iaeegwixvald 

15 sqielrvlahlsgdenlmwqegrdihtetaswmfgwreavdplmmia^ 
vlygmsahri^qeiaipyeeaqafffiryfqsfpkvilawiektlebgrrrgyvetij 
rrywdlearvksvreaaerjvdlafnmpvqgtaadijn^^ 
lqvhdelvleapkeraeavarlakevmegvyplavplevevgigedwlsakegidg 
rgggghhhhhh 

20 

. The DNA sequence encoding the PL-ATaq fusion protein 
ATGATTACGAATTCGAAGAAAAAGAAAAAGAAAAAGCGTAAGAAACGCAAAAA 
GAAAAAGAAAGGCGGCGGTGTCACTAGTGGCGCAACCGTAAAGTTCAAGTACAA 
AGGCGAAGAAAAAGAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGG 

25 GCAAGATGATCTCCTTCACCTACGACGAGGGCGGTGGCAAGACCGGCCGTGGTG 
CGGTAAGCGAAAAGGACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAG 
AAAAAGGGCGGCGGTGTCACCAGTCCCAAGGCCeTGGAGGAGGCCCCCTGGCCC 
CCGCCGGAAGGGGCCTrCGTGGGCTrTOTGCnTCCCGCAAGGAGCCCATGTGGG 
CCGATCTTCTGGCCCTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCG 

30 AGCCTTATAAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAG 
ACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCC 
CATGCTCCTCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCC 
CGGCGCTACGGCGGGGAGTGQACGGAGGAGGCGGGGGAGCGGGCCGCCdTTCC 




gagaggctcttcgccaacctgtgggggaggcttgagggggaggagaggctcctt 
tggctitaccgggaggtggagaggccccrrtccgctgtcctggcccacatggagg 
ccacgggggtgcgcctggacgtggcctatctcagggccttgtccctggaggtggc 
cgaggagatcgcccgccrcgaggccgaggtcttccgcctggccggccaccccttc 
5 aacctcaactcccgggaccagcn'ggaaagggtcctctttgacgagctagggcttc 
ccgccatcggcaagacggagaagaccggcaagcgctccaccagcgccgccgtcc 
tggaggccctccgcgaggcccaccccatcgtggagaagatcctgcagtaccggg 
agctcaccaagctgaagagcacctacattgaccc5ttgccggacctcatccaccc 
caggacgggccgcctccacacccgcttcaaccagacggccacggccacgggcag 

1 0 gct aagtagctccgatcx:c aacctcc agaacatccccgtccgc accccgcttggg 
cagaggatccgccgggccttcatcgccgaggaggggtggctattggtggccctg 
gactatagccagatagagctcagggtgctggcccacctctccggcgacgagaac 
ctgatccgggtcttccaggaggggcgggacatccacacggagaccgccagctgg 
atgttcggcgtcccccgggaggccgtggaccccctgatgcgccgggcggccaag 

15 accatcaagttcggggtcctctacggcatgtcggcccaccgcctctcccaggagc 
tagccatcccrracgaggaggcccaggccitcattgagcgcracrttcagagctt 
ccccaaggtgcgggcctggattgaoaagaccctggaggagggcaggaggcggg 
ggtacgtggagaccctcttcggccgccgccgctacgtgccagacctagaggccc 
gggtgaagagcgtgcgggaggcggccgagcgcatggccttcaacatgcccgtcc 

20 agggcaccgccgccgacctcatgaagctggctatggtgaagctcttccccaggct 
ggaggaaatgggggccaqgatgctccttcaggtccacgacgagctggtcctcga 
ggccccaaaagagagggcggaggccgtggcccggctggccaaggaggtcatgg 

AGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGG 
ACTGGCrCTCCGCCAAGGAGGGCATTGATGGCCGCGGCGGAGGCGGGCATCATC 
25 ATCATCATCAITAA 



mXNSKKKKKKKRKKRKKKKKGGGVTSGATVKFKYKGEEKEVDISKIKXV^ 
MISFIYDEGGGKTGRQAVSEKDAPKELLQMIJEKQKKGGGVTSPKALEEAPWPPPEG 
30 AFVGFVI^RKEPMWAD1JJU.AAARGGRVHRAPEPYKALRDLKEARGIXA^ 

AIJlEGLGLPPGDDPMLIAYIIJ)PS>nTPEGVAMtYGGEWTEEAGERAALSERLFAN 

LWGRLEGEERLLWLYREVEIU»LSAVLAHMEATGVia,DVAYLRALSLEVAEEIAI^ 

AEWRIAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKJRSTSAAVLEALREAHPW 



the amino acid sequence of PL-ATaq fusion protein 




10 



25 



EKILQYRELTBa^TYIDPLPDLIHPRTGRLHliafNQTATATGRLSSSDPl^QNIPVRTP 
LGQRIRRAFIAEEGWLLVALDYSQffiUl\a.AHLSGDENLIRWQEGRDmTETASWMF 
GWREAVDPLMRRAAKTINFGVLYGMSAHM.SQELAIPYEEAQAFIERWQSFPK^ 
AWffiKTLEEGRJRRGYVETLFGRRRYWDLEARVKSVREAAERMAFNMPVQGTAAD 
5 mKLAMVKLFPRIJEEMGARMIXQ\nEn)ELVLEAPKEBlAEAVi^^ 
AVPLEVEVGIGEDWLSAKEGIDGRGGGGHEIHHHH 

PRIMER L71F * 
5 •-CCTGCTCTGCCGCTTCACGC-3 * 



PRIMER L71R 
5'-GCACAGCGGCTGGCTGAGGA-3 ' 



PRIMER L18015F 
15 5'-TGACGGAGGATAACGCCAGCAG-3' 



PRIMER L23474R 
5'-GAAAGACGA TGGGTCGCTAATACGC-3* 



20 PRIMER L18015F 

5'-TGACGGAGGATAAC GCCAGCAG-3' 



. PRIMER L29930R 
5 *-GGGGTTGGAGGTCAATGGGTTC-3 ' 



PRIMER L30350F 
5'-CCTGCTCTGCCGCTTCACGC-3' 



.._ PRIMER L35121R 
30 5'-CACATGGTACAGCAAGCCTGGC-3* 



PRIMER L2089F 

5'-CCCGTATCTGCTGGGA TACTGGC-3 



/7///2h 



ha. (ronv- 

PRIMERL7112R 

5'-CAGCGGTGCTGACTGAATCATGG-3 

! PRIMER L3P350F 
5 5*-CCTGCCTGCCGCTTCACGC-3' 

PRIMER L40547R 
5'-CCAATACCCGTTTCA TCGCGGC-3' 

10 PRIMER H-Amelo-Y 

5*-CCACCTCATCCTGG GCACC-3* 

. PRIMER H-Amelo-YR 
5'-GCTTGAGGCCAACCATCAGAGC-3 • 

15 

._. Human beta-globin primer 536F 
5 '-GGTTGGCCAATCTACTCCCAGG-3 ' 

a 

Human beta-globin primer 536R 
20 5'-GCTCACTCAGTGTGGCAAAG-3' 



Human beta-globin primer 1408R 

5 '-GATTAGCAAAAGGGCCTAGCTTGG-3 ' 

25 
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